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THE CIRCULATION IN TRAUMATIC 
SHOCK IN MAN* 


Harvey Lecture, February 17, 1944 


D. W. Ricwarps, Jr. 


Associate Professor of Clinical Medicine : 
College of Physicians and Surgeons, Columbia University 


us lecture is in large part a report of an investigation 
that has been in progress during the past two years at 
Bellevue Hospital, a study of the circulation in human 
cases of injury with shock.* 

As is well known, the intensive research on wound 
shock carried out during and shortly after the last war has provided 
the foundation of our knowledge of the subject. This large amount 
of clinical and experimental material was summarized in the now classi- 
cal monograph by Cannon’ published in 1923. In this, the traditional 
division into primary and secondary shock was retained: primary shock, 
the immediate stunning effect of injury, a neurogenic or vasomotor 
phenomenon of the nature of syncope; and secondary shock, the more 
slowly developing but progressive failure, with the characteristic clini- 
cal manifestations—weakness, pallor, sweating, thirst, thready pulse, and 
a progressively falling arterial blood pressure. It was also shown at 
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* This investigation was carried out under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development, and Columbia University, 
with the collaboration of New York University. Additional support for the research was provided 
by the Commonwealth Fund and the Josiah Macy, Jr., Foundation. 
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this time that in shock, metabolism is depressed, a state of acidosis 
exists, and there is diminished oxygen content of the venous blood. 
Hemoconcentration was believed to be another of the constant fea- 
tures of the shock state. 

Perhaps the most fundamental of the new findings established by 
actual measurement in the course of these wartime investigations, was 
that secondary shock following injury was regularly associated with 
a marked loss of total circulating blood volume. It was further postu- 
lated, though not proved, that it was this loss of blood volume which 
in turn led to decreased venous return and diminished volume of flow 
of blood. The earlier theories of so-called vasomotor exhaustion were 
found largely untenable, the state of the vascular bed in shock being 
one of vasoconstriction rather than vasodilatation. 

Following a suggestion made by Gesell,’ the factors involved in 
the whole mechanism of shock were divided into two groups, initiat- 
ing and sustaining factors. The initiating were essentially those that I 
have just described. The sustaining factors were less definite, but much 


thought was given to the possible late effects of the products of 
metabolism, and to toxic substances which might be produced in in- 
jured tissues, or derived from uninjured tissues suffering from inade- 


quate circulation. 

An active period of investigation began again about 1927 and has 
continued since. Of a number of excellent recent reviews in which 
this work has been summarized, one that has been of particular value 
for us has been the physiological critique and summary by Wiggers,’ 
published just two years ago. In this he reviewed both what was known, 
and what was still required to be found out: a number of important 
facts about the circulation in shock which were well established, both 
in animals subjected to various types of experimental injury, and in 
the clinical forms seen in man; certain other things known in animals 
but not in man; and still other aspects in which there was not satisfac- 
tory knowledge of any kind. 

As to the mechanism of shock, Wiggers supported the position 
reached by Cannon in stating categorically that “reduction in the 
volume of blood returned to the heart is the keystone of all modern 
conceptions of shock.” It was known, as already stated, that total cir- 
culating blood volume was reduced. Johnson and Blalock* had demon- 
strated decrease in volume flow of blood, or cardiac output, in 
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experimental shock in animals. No data were available in man, as no 
adequate technique of measurement was available. On the important 
question of the effective venous return or the inflow pressure of blood 
at the right auricle, there was also no knowledge in man, and not very 
much in animals. 

The view continued to be widely held that an essential and central 
feature of traumatic shock is hemoconcentration. Moon,” in particular, 
supported the theory that-a fundamental mechanism producing shock 
is a general capillary dilatation, with increase in capillary permeability 
throughout the body and consequent loss of plasma into the tissues. 
Blalock® and Phemister’ strenuously opposed this theory, bringing evi- 
dence to show that in experimental shock the decrease in blood volume 
could be entirely accounted for by the amount of blood or plasma 
lost at the site of local injury. 

If new ground were to be broken in developing further the knowl- 
edge of shock, particularly clinical shock in human cases of injury, 
it was clear that new techniques, new methods of study, were needed. 
The chief reason that prompted our group, working under Cournand 
on the Tuberculosis Service at Bellevue Hospital, to undertake an in- 
vestigation in this field, was the fact that, during the latter part of 
1940 and early 1941 we had developed what appeared to be a reliable 
technique for measuring in man both the pressure of blood in the 
right auricle, and the total volume flow of blood or cardiac output— 
measurements which among other things, might provide Wiggers with 
the keystone which he required to prove in man the current theory 
of the dynamics of shock. 

These measurements were achieved by means of a long ureteral 
catheter introduced into a median basilic vein and thence passed along 
axillary and subclavian veins into the right auricle. The technique was 
not wholly new, having been carried out by Forssmann* (with himself 
as subject) more than ten years before, and having been used since 
in some investigations in Germany, France, and Portugal.® It had not, 
however, been developed systematically as a means of physiological 
study. With the possible danger of clot and embolus formation, it 
looked as if it might be a dangerous procedure; and as a matter of fact, 
we had vacillated for eight years with nothing but a series of somewhat 
desultory trials in animals, and one unsuccessful attempt in man, to 
show for it. In the autumn of 1940, Cournand, with Ranges, finally 
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carried the procedure through successfully. The technique, clumsy 
at the start, has been perfected especially by Cournand, Riley, and 
Breed, and has with practice proved to be remarkably easy, safe, and 
painless, no serious untoward effects having been encountered in over 
250 catheterizations. 

With this technique it was a simple matter to register the pressure 
of blood in the right auricle. This is not the true “effective venous 
return,” the latter being the pressure in the right auricle relative to the 
intrathoracic pressure. However, any change in right auricular pres- 
sure, as for example when a patient progressed from shock to recovery, 
would record a corresponding change in venous return, providing no 
important alteration had occurred in the patient’s respiration. 

The catheterization of the right auricle also provided a means of 
obtaining samples of average or mixed venous blood, which could then 
be analyzed, particularly for respiratory gases. The mixed venous oxy- 
gen, moreover, when combined with the arterial oxygen value and 
the total oxygen absorbed per minute from the inspired air, provided 
the data needed to calculate cardiac output by the Fick principle. 

I have perhaps given too much time to this particular technique; 
but it is somewhat new and its nature and the extent of its usefulness 
are not as yet widely known. 

In order to obtain a comprehensive description of the circulation 
many measurements are needed, and it was fortunately possible to 
bring together three separate research groups,’ each equipped with 
special technical methods: a group under Cournand at Bellevue Hos- 
pital, responsible for measurements of pulmonary ventilation and res- 
piratory gas exchange, arterial and venous blood gas analyses of various 
kinds, and the catheterization technique; a group under Gregersen, 
providing blood volume determination by the use of the dye T-1824; 
and a group under Dr. Smith, providing optical registration of arterial 
pressure tracings by the use of the Hamilton manometer; and in a num- 
ber of cases also carrying out renal clearance studies by Dr. Smith’s 
techniques. 

Thus the plan of the study provided for a fairly comprehensive 
description of the general circulation, and in addition a simultaneous 
measurement of the state of the circulation in one particular set of 
vital organs, the kidneys. Table I summarizes the measurements made. 

The whole investigation was made possible through the coépera- 
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Taste I 


MEASUREMENTS 








. Pressure 
Arterial pressure (direct, with needle in femoral artery) 
Peripheral (arm) venous pressure. 
Pressure in right auricle. 
2. Blood volumes 
Plasma volume (dye dilution technique) 
Red cell volume (hematocrit) 
Plasma protein 
Cardiac output (“direct Fick” method) 
4. Pulmonary ventilation and respiratory gas exchange. 


. Renal clearances. 








tion of the Bellevue Hospital Medical Board in making available to us 
the cases of injury admitted to its surgical services. 

Most particularly I should like to mention the working research 
team under Cournand, both doctors, technical staff, and nurses, who 
have carried through these studies often under difficult conditions, on 
week-days, week-ends and holidays, at all hours of the day and night. 

The clinical material consisted in the cases of injury admitted to 
the Bellevue Hospital emergency service. All instances of shock were 
of the secondary, progressive form. 

The actual procedure was as follows: the patient lay on a bed in 
the supine position throughout the study. Sedative was given if there 
was restlessness or complaint of pain. An indwelling needle was placed 
in one femoral artery, another in an arm vein, and the right heart 
catheterized through a vein in the other arm, the position of the cath- 
eter being determined fluoroscopically. The blood volume, cardiac out- 
put, and various chemical and dynamic measurements were carried out, 
followed by the renal clearances. The patient then received treatment, 
following which usually one or more further sets of measurements were 
made. The needles and catheter were left in place throughout, the 
whole study taking on the average from four to eight hours. 

The types of injury, and the number of cases of each that have 
been studied up to the present, are indicated in Table II. 

In presenting these measurements in different forms of injury with 
shock, it will be convenient to take as the prototype the group of cases 
of skeletal trauma, that is, injury involving serious and usually multiple 
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Taste II 


CASE MATERIAL, PERIOD FROM MARCH 1942 TO DECEMBER 1943 








Type of injury No shock Shock Total 





Skeletal trauma 
Chest injury 
Hemorrhage 


Gastrointestinal 
External 
Abdominal injury 
Burns 
Exposure and refrigeration 
Head injuries 


Medical cases with shock 


Totals . 

















fractures with more or less soft part damage. Other forms of injury 
will then be compared with this, specifically hemorrhage, abdominal 
injuries, and burns. Since the purpose at this point is a description of 
the initial state of shock, the data will include only the initial set of 
measurements on each case, which were carried out as soon as possible 
after admission to the hospital. 

We have divided the cases of skeletal trauma into those with shock 
and those without. The assignment of a case to one or the other of 
these groups was made on the basis of the clinical picture, the various 
measurements and particularly the clinical course. It was actually not 
difficult to make this primary differentiation of shock and no-shock 
cases. 

The basic facts about the dynamics of the circulation in the cases 
with skeletal trauma and the other types of injury are presented in 
graphic form in Chart 1. This chart is concerned only with circulat- 
ory dynamics. Problems of chemical change, anoxia, acidosis, etc., wili 
be considered separately. 

On the left are the values for normal subjects, the individual meas- 
urements including plasma and whole blood volume, pressure in the 
right auricle, cardiac output, arterial pressure, and peripheral resistance. 
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Cuart 1 


The second column shows similar measurements in fourteen cases of 
injury without shock, and the third in twenty-one cases of serious 
injury with shock. 

In skeletal trauma without evidence of shock, so far as these meas- 
urements were concerned, the circulation was normal, as the chart 
demonstrates. The blood volume was not significantly decreased, and 
pressures and blood flow in the general circulation were not impaired. 
Thus it can be said that in skeletal trauma with no significant loss of 
blood volume, there was no circulatory failure. 

The contrast presented by the cases of skeletal trauma with shock, 
is striking. The total blood volume was reduced by thirty-five to forty 
per cent, representing a loss of nearly two liters of blood. The pressure 
in the right auricle, a relative measure of return flow of blood to the 
right heart, was reduced by about 25 mm. of water, and the cardiac 
output diminished by more than one-third. The arterial blood pressure 
was of course much reduced. 

Thus the picture of circulatory failure in acute shock in man, due 
to skeletal trauma, becomes clear. With the loss of circulating blood 
volume and drop in arterial pressure there is a failure of venous return 
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to the heart and corresponding decrease in cardiac output. This is en- 
tirely in accord with accepted theory of the circulatory dynamics of 
shock, as derived from animal studies. The data serve, however, to 
put the description of this aspect of acute shock in man on a basis of 
fact rather than of hypothesis. 

At the bottom of the chart are given the values for total or over-all 
peripheral resistance. This is calculated by dividing the mean blood 
pressure by the cardiac output per second, the ratio indicating the rate 
of fall of pressure per unit of flow along the vascular system. It will 
be noted that the average peripheral resistance in shock due to skeletal 
trauma was normal. Since the total blood volume was much decreased, 
this suggests that there was a compensatory shrinkage of the vascular 
bed, and shows that there was an adjustment between the tonus of the 
vessel wall and the existing blood volume in the regions still actively 
circulated. 

The next group is that of hemorrhage with shock. As will be seen 
from the chart, the state of circulation in shock due to hemorrhage and 
in that due to skeletal trauma were closely similar. The average figures 
of blood volume, auricular pressure, and cardiac output, were, as it 
happened, almost identical. A difference which may be significant was 
that arterial blood pressure tended to be less depressed in hemorrhage, 
and calculated peripheral resistance therefore higher. 

Up to this point, so far as concerns the mechanism of shock, the 
data have kept us in conventional paths. Examination of the figures on 
blood volume indicates some departure from tradition. It will be noted 
that both in skeletal trauma and in hemorrhage, the hematocrit was 
well below normal, and that a state of hemodilution existed, and not 
hemoconcentration. This was a consistent finding, occurring in all but 
one case of skeletal trauma and one of hemorrhage. 

The picture is what one would expect if there had been, in skeletal 
trauma and in hemorrhage alike, extensive loss of whole blood at the 
site of injury, with some subsequent compensatory inflow of fluid into 
the blood stream from uninjured tissues; and this is apparently the 
mechanism in these cases. 

As is now well known, this is the experience also in battle casualties 
of the present war, that the loss from the circulating blood volume 
following traumatic injury is primarily a loss of whole blood rather 


than plasma. 
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This evidence therefore indicates that generalized increased capillary 
permeability with hemoconcentration is not usually a causative factor 
of the dynamics of circulatory failure in these forms of clinical shock. 
Noble and Gregersen™ have given this question careful study and have 
obtained additional data. In cases followed through to recovery after 
treatment by blood or plasma, Noble has calculated the net change to 
be expected in the blood volume and compared this value with an actual 
blood volume determination after recovery. In cases where there was 
no continued bleeding, two trends have been apparent: first, a dilution 
of the blood plasma, with the plasma protein concentration falling, by 
about one gram per cent; and second, in cases followed over several 
hours, an actual secondary increase in total circulating plasma protein 
along with a corresponding further inflow of fluid, an average increase 
of about 10 per cent. This must have come into the blood from the 
tissues. 

These results thus support the views of Blalock® and Phemister’ 
that the loss of blood volume occurs at the site of injury, not into the 
tissues generally. It is also true, however, that the swelling around an 
injury consists of serous fluid as well as blood, and one would expect 
that this local exudation out of the blood may at times exceed the dilut- 
ing power of the fluid from unimpaired tissues, with resulting hemo- 
concentration. In some war injuries, such as crushing, this tendency 
is undoubtedly more pronounced than anything which we have en- 
countered in civilian casualties. 

The findings do not rule out the possibility of capillary damage 
of various kinds in shock; they do show that in these two forms of 
injury with shock, any effects from such damage did not dominate 
the active circulation, in the cases which we examined. 

“Trapping” of blood in vessels with no active circulation, recently 
demonstrated in animals in shock,’ has been found in just one case 
of our series, a man with gunshot wound of the abdomen and pro- 
longed exposure to cold, with extreme shock. In this case, about 15 per 
cent of the total blood volume reappeared in the circulation after re- 
covery from shock, in addition to the blood given as treatment. 

The next group of traumatic cases, that of abdominal injury with 
shock, presents some similarities, also some important differences, when 
compared with shock due to skeletal trauma. As the chart indicates, 
there were the same basic changes in circulatory dynamics, that is, a 
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decrease in auricular pressure and in cardiac output. On the other 
hand, hemoconcentration was a regular finding. The explanation for this 
is not difficult; all cases had peritonitis with acute serous or sero-puru- 
lent exudate in the peritoneal cavity, thus draining large amounts of 
serous fluid from the blood stream. 

A further difference, as compared with shock due to skeletal trauma 
was the relative maintenance of arterial blood pressure, and the cor- 
respondingly higher level of peripheral vascular resistance. Hemocon- 
centration by increasing blood viscosity, will itself increase peripheral 
resistance, but is probably not the only factor involved. 

The blood volume figures offer what may be an even more signifi- 
cant difference, between the cases of abdominal injury and those of 
skeletal trauma. Although the plasma volume was diminished the total 
blood volume showed only a relatively small decrease below the limits 
of normal, much less than one would expect considering the apparent 
degree of shock clinically and the actual failure of the circulation as 
measured by total blood flow. 

There is one reservation regarding these data. It has been recog- 
nized for some time that when marked hemoconcentration is present 
the accuracy of the red cell volume determination, using hematocrit 
and dye technique, is uncertain. The figures obtained appear to be 
somewhat high. This technical problem is not yet solved. It may be 
that this accounts in part for the relatively high blood volume recorded 
in these cases. 

If, however, the trend of the observations is correct, one is led into 
a further interesting field. These abdominal injuries, with peritonitis 
and infection, were suffering from more than traumatic injury. Clini- 
cally they may in this respect approach the medical conditions that one 
sees, such as pneumonia, malarial fever, or sepsis, with acute failure of 
the circulation. We have studied a very few of these, and such pre- 
liminary data as we have suggest that the circulation fails with normal 
blood volume, as Stead’* also found, indicating some form of vascular 
or vasomotor collapse. This requires much further study. 

This is perhaps a digression but it might be of interest to note that 
in two cases of acute coronary thrombosis we were able to prove by 
direct measurement the picture described by Stead,"* of decreased car- 
diac output, low arterial pressure, but normal blood volume, and some- 
what increased right auricular pressure. A case of acute pulmonary 





The Circulation in Traumatic Shock in Man 373 








embolus gave a similar series of measurements, except that the right 
auricular pressure, 400 mm. of water, was very high. This latter suggests 
acute failure of venous return to the left heart only. 

The last important category in our series of cases is that of burns. 
The chart shows the essential features of the dynamics of the circula- 
tion, compared with normal findings and with those in other injuries. 
The picture is qualitatively similar to that in abdominal injury except 
that the absolute loss of blood volume was larger. There was hemo- 
concentration due obviously to loss of blood plasma into burned areas; 
and marked decrease in cardiac output with blood pressure relatively 
well maintained, and peripheral resistance therefore very high. It is of 
special interest that the two cases with the highest peripheral resistance 
had normal hematocrit values, being studied very soon after injury; 
indicating that the increased resistance was due either to extreme vaso- 
constriction or to increase in viscosity from causes other than red cell 
concentration. Auricular pressure was less depressed than in other 
groups; a factor here was probably the tight pressure bandages that 
most of these patients had around chest and body, with consequent 
increase in intrapleural pressure. 

It is well known that the initial state of circulatory failure does not 
usually constitute the chief danger in burns, and it was so in our cases, 
nearly all showing a favorable immediate response to plasma therapy. 
There were two patients with overwhelmingly extensive burns who 
died very shortly after admission, one with pulmonary edema, one of 
asphyxia following aspiration of vomitus. The difficulties encountered 
in the complex and protracted later course of burns are outside the 
scope of this discussion. 

Brief mention may be made of severe head injury, eight cases of 
which were included in our series. While all cases terminated fatally, 
the picture was not that of shock, but almost the direct opposite, with 
hypertension, hyperthermia, increased pulmonary ventilation, normal 
blood volume, and normal or increased cardiac output. 

Summarizing these initial measurements made on patients in shock, 
following various types of injury, one can state that while different 
injuries led to circulatory failure in different ways, the essential finding 
in all appeared to be an inadequate venous return of blood to the heart 
with diminished cardiac output. The anatomical factor immediately 
responsible in most instances was a deficit in circulating blood volume. 
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These measurements thus are in confirmation of what might be 
termed the mechanical concept of shock, which as already related, 
emerged at the time of the last war and has held a central position since. 

Does this, however, provide a full explanation of the dynamics of 
acute shock? We know something about the blood volume and about 
the action of the heart. What do we know about the vascular bed, as 
a whole or in its various parts, and its vasomotor adjustment? On logical 
grounds it seems reasonable that if we spend so much care measuring 
the blood volume, we should give some consideration to the vascular 
envelope which encloses it. 

From the relation of pressure to blood flow, as I have already de- 
scribed, one obtains a figure for over-all peripheral resistance through- 
out the vascular circuit, and this tends to be either maintained or 
increased in shock, indicating a net or average state of vasoconstriction. 
It is generally considered that this is a favorable compensatory mech- 
anism, the smaller vascular bed enabling blood pressure and flow to 
be maintained in spite of smaller blood volume. What regions of the 
body, however, are shut off from the circulation, in providing this com- 
pensatory constriction? How adequate is this compensation, how re- 
liable is it, and what happens if it fails? 

The importance of vasomotor failure may be illustrated by the 
following clinical case: 

A young man was brought into the emergency ward suffering from 
acute alcoholism and a laceration of the scalp which had bled profusely. 
He was in shock but conscious, and with fairly good pulse volume. 
An attendant, thinking that a case of head injury should not be allowed 
to lie flat, sat the patient up. He at once became very pale, pulseless 
and lost consciousness. He was laid back on the bed, and an attempt 
made to start an infusion, but before this could be done the patient 
expired. 

Admittedly this patient had lost much blood and was in shock. 
But the important point is, that without additional blood loss, so slight 
a thing as momentary change of position precipitated an immediate 
and fatal circulatory collapse. 

The vascular bed is a complex apparatus. Regionally, the vasomotor 
control of each organ or section of the body can operate independently. 
The successive channels of flow, arterial, capillary, and venous, also 
each has its own independent control. The whole is regulated in large 
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Taste III 


CORRELATION BETWEEN (A) INITIAL BLOOD VOLUME AND INITIAL 
CARDIAC OUTPUT AND (B) INITIAL BLOOD VOLUME AND 
INITIAL ARTERIAL BLOOD PRESSURE 


Based on measurement in 35 cases of severe skeletal trauma and hemorrhage. 








Coefficient of 
correlation 





Total blood volume 
vs. cardiac output +0.780 


Total blood volume 
vs. mean arterial blood pressure +0.472 














part from centers in the central nervous system. 

A considerable variety of observations bearing on this question has 
been made in the course of our work, and I should like to try to as- 
semble these. They may be called the process of vasomotor adjustment 
in shock, and one may divide the phenomena observed into those which 
appear to act in a compensatory manner, to maintain the circulation, 
and those which are apparently phenomena of circulatory or vasomotor 
decompensation. 

First, as to arterial blood pressure. There should be no attempt to 
minimize the importance of this function. A progressively falling ar- 
terial pressure has been considered and will continue to be, one of the 
dominant manifestations of severe traumatic shock, and clinically one 
of the most useful because it is so easily measured. Recognizing the 
importance of this measurement, however, one must also understand 
its limitations. 

Low arterial pressure when present is a good sign of shock, but 
shock can exist even in advanced degree with an arterial pressure level 
that is normal or above normal. We have already seen that in certain 
types of shock, blood pressure tends to be maintained. In Table III, a 
statistical comparison is made of the relation between initial blood 
volume in shock and initial cardiac output, on the one hand, and initial 
blood volume and initial arterial pressure, on the other. The first of 
these correlations is much better. 

Additional information can be obtained about the state of the ar- 
terial system, and the blood flow through it, by examining the arterial 
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Cuarr 2. Pressure tracings from femoral artery, using indwelling 
arterial needle connected with Hamilton manometer. 


pressure tracings recorded by the Hamulton manometer, connected with 
the indwelling needle in the femoral artery. A group of these tracings 
are shown in Chart 2. At the top are records of normal subjects, with a 
similar record of an injured patient not in shock, on the right. Below 
the normal tracings is the record of a patient with severe skeletal trauma 
and shock. The sharp rise of pressure during systole, and correspond- 
ingly rapid collapse in diastole, associated with decreased stroke volume 
of the heart are well shown. To the right of this is a tracing of an in- 
jured patient not in shock, but with acute alcoholism and hypotension. 
The cardiac output was normal. The pressure curve has a much less 
collapsing quality than that of the patient in shock. 

On the next lower row are tracings of a patient in shock and after 
recovery; and at the bottom a case of abdominal injury and shock, 
with low cardiac output but sustained arterial pressure. 

Such tracings, when analyzed in conjunction with other findings, 
give a more exact description of the state of the arterial vascular bed, 
and flow of blood through it, than is obtainable by other means. Further 
work on this subject is being carried on by Lauson and Bloomfield. 

Granting the condition of average or over-all vasoconstriction in 
shock, is this phenomenon present to the same degree throughout the 
body, or is it selective? 
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In this question, the most accessible parts of the body are of course 
the skin and superficial tissues of the extremities, and here the evidences 
of vasoconstriction and reduced circulation in shock are obvious and 
have long been a part of the description of shock: the pale, cold skin; 
faint arterial pulse; hemoconcentration of capillary blood. On the venous 
side, we have found, as have others in the past, that the pressure in the 
superficial veins of the arm in shock is normal or even slightly high. 
Since the auricular or central venous pressure is definitely low, this 
means an increased gradient of pressure along the vein and thus an 
active venoconstriction. 

A selective vasoconstriction in internal organs was suggested many 
years ago by Gesell? who brought indirect evidence to indicate that 
the blood flow through the submaxillary gland after blood loss, was 
reduced to a much greater extent than was the general blood flow. 

More substantial evidence on this question can be derived from the 
renal clearance studies carried out on a number of our patients in shock 
by Cournand, Bradley and Lauson. Of this very interesting work, 
defining renal function in the state of shock, I can give at this time 
only an outline of the aspects that relate the circulation through the 
kidneys with the general circulation in shock. 

The clearance techniques afford, among other things, reasonably 
accurate measure of total plasma flow, or blood flow, through the 
kidneys. 

Consider that under normal resting conditions, about one quarter 
of the total blood flow of the body passes through the kidneys, or 
about one liter of blood per minute. 

In shock, while the total blood flow decreases, to, say, half the 
normal value, the blood flow through the kidneys decreases to one- 
tenth or one-twentieth, perhaps even less in extreme cases, a mere trickle 
of a few cc. of blood per minute. This can only mean a powerful 
vasoconstrictor action of renal arterioles. This is further emphasized in 
Chart 3, showing how renal blood flow decreases sharply in shock, 
out of proportion to the fall in mean arterial pressure. 

From the point of view of the body as a whole, this blocking of 
kidney blood flow is for the moment a favorable compensation, pro- 
viding as it were, a transfusion of several hundred cc. for the more 
urgent needs of other organs such as brain, heart, and perhaps liver. 

So far as concerns the kidneys themselves, with no blood flow 
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Cuart 3. Relation between effective renal blood flow and arterial 
mean pressure in normal subjects (open circles) and patients in 
shock (solid circles.). 


there is no urine, and in severe shock one finds either anuria or else 
the secretion of only a very small amount of urine of low specific 
gravity. 

Summarizing this evidence, we have a clear picture of a strongly 
selective vasoconstrictor mechanism in shock, shutting off almost com- 
pletely large organ systems or regions of the body not immediately 
necessary for survival. 

We come now to some contrary evidence, indicating that this com- 
pensation does not always hold, may fail either gradually or abruptly 
with unfavorable or disastrous outcome. The case of hemorrhage that 
I have described was an example of this. 

Clinical observation has provided a number of other instances. A 
patient in severe shock, let us say from hemorrhage or skeletal trauma, 
will be lying quietly on the bed, when, with no painful or other stimu- 
lus, his pupils dilate, he will break out into a sweat, become very pale, 
pulseless and eventually lose consciousness. If his state of shock is not 
severe he may recover again spontaneously. Frequently treatment, such 
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Taste IV 


EFFECT OF POSTURE ON ARTERIAL BLOOD PRESSURE IN SUBJECTS 
WITH (A) NORMAL BLOOD VOLUME, (B) MODERATE, AND 
(C) MARKED BLOOD VOLUME LOSS 








Average _—_ Cardiac 
Group total x Position ane - =e out put 
blood vol. — 


average 
average g 








lit./min./ 
sq. m. 

2970 Flat 117/74 3.49 

Foot-up 118/75 3.51 


ec. /8q. m. mm. Hg 


2202 H Flat 100/62 2.90 
Foot-up 111/68 3.33 
1635 Flat 69/42 1.75 
Foot-up 75/40 1.86 























as immediate infusion or transfusion, may be needed. Such an episode 
is not a new observation in shock, but the long period under absolute 
resting conditions such as has obtained in our work, has provided a 
good opportunity to study it. The fact of abrupt circulatory failure 
apparently from vasomotor collapse, seems unmistakable. 

The vasomotor balance has been further explored by the simple 
technique of change of bodily position. This line of inquiry was brought 
to our research by Duncan, visiting from Johns Hopkins. It con- 
sisted in studying arterial blood pressure, and other elements of the 
circulation, before and during a standard change of body position, this 
being an elevation of the foot of the bed 12 inches. 

Table IV shows the results in a series of cases; so far as arterial 
blood pressure is concerned, it appears that elevation of the feet pro- 
duces no change in normal subjects, but a definite increase in patients 
with moderate loss of blood volume, as if the amount of blood shifted 
from lower extremities to the central parts of the body improved the 
vasomotor status. In patients with marked blood volume loss the change 
was less pronounced, perhaps because there was so little blood left in 
the lower extremities in these cases. 

In a number of instances, auricular pressure and cardiac output were 
measured in the two positions. These, especially the cardiac output, 
could not be recorded immediately but required about 10 minutes. 
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Taste V 


EFFECTS OF A PRESSOR AMINE (“No. 839") ON THE CIRCULATION IN 
(A) NORMAL CONTROL SUBJECT (B) CASE OF SEVERE SHOCK 
DUE TO SKELETAL TRAUMA, WITH EXTENSIVE BLOOD LOSS 
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It is interesting that according to these measurements there was no 
consistent change either in auricular pressure or cardiac output follow- 
ing foot elevation. It seems probable that the improved vasomotor tone 
was due to a redistribution of blood flow, a better flow through the brain 
and less through the lower extremities. 

Clinically the foot-up position seemed to be definitely beneficial. 
Patients were more alert and color improved. In cases with the greatest 
blood volume losses, this beneficial effect was, however, transitory. 

If vasoconstriction is a good thing in shock will more vasoconstric- 
tion be better? On theoretical grounds it seemed possible, even though 
not very likely, that a vasopressor agent might increase the selective 
vasoconstriction of shock and improve the central blood flow. Table V 
shows the results of one of the vasopressor amines, similar to paredrinol, 
when used in a case of severe shock. This drug was kindly provided 
by DeGraff, Taube, and Herbert of New York University, and these 
studies were carried out with their coéperation and assistance. As will 
be seen, there was some increase of blood pressure, but cardiac output 
was further decreased. Clinically the patient was certainly no better. 
With subsequent treatment by transfusion, however, he recovered. Thus 
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Taste VI 


INFLUENCE OF ALCOHOLISM UPON VARIOUS HEMODYNAMIC MEAS- 
UREMENTS IN 30 SUBJECTS WITH SEVERE SKELETAL TRAUMA AND 
HEMORRHAGE 
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this attempt to better the vasomotor compensation already present in 
this particular type of shock due to marked blood loss, was a failure. 
One cannot extend this conclusion, however, to all types of shock. The 
use of drugs in the various forms of shock deserves much further study. 

British investigators distinguish between the excessive vasoconstrictor 
response, such as that just described, and the so-called vaso-vagal reac- 
tion, with falling blood pressure and slow pulse, essentially that of 


syncope. 

McMichael" has very recently published some interesting results bear- 
ing on this problem. Using the method of right heart catheterization, 
he and his collaborators studied in normal subjects the effects of a large 
phlebotomy carried to the point where the subject fainted. They found 
that cardiac output decreased during the phlebotomy, but when syncope 
occurred there was no further drop in cardiac output although the 
arterial blood pressure decreased by one-half. Pulse was markedly 
slowed. By the use of a plethysmogravh on the arm they obtained evi- 
dence of increased muscle blood fiow. The state of syncope was — 
relieved promptly following administration of methedrine. These ex- 
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cellent experiments thus give impressive evidence of the importance 
of vasomotor control in shock and shock-like states. 

Of interest in this field also are the studies by Cournand on the 
effects of acute alcoholism upon the state of shock. There is no lack 
of such material in the admitting service at Bellevue Hospital; nearly 
half of our cases of acute shock have had, to a greater or less degree, 
acute alcoholism at the time of admission. The whole clinical and phy- 
siological picture of shock was in fact quite confusing until Cournand 
added blood alcohol determination as a routine measurement in all cases. 

Table VI shows the effects of alcohol as a vasodilator agent, reduc- 
ing the mean blood pressure both in the normal group and in those 
with loss of blood volume. With extreme blood loss and severe shock, 
the drop in blood pressure was less in absolute terms, but cardiac out- 
put showed a further fall in the alcoholic cases. 

The effect tended to persist even with replacement therapy by blood 
or plasma. While cardiac output increased, blood pressure remained low. 

Clinically as well as physiologically, the effects of alcoholism super- 
imposed upon those of shock were most unfavorable. The individual 
was in a very precarious state and sudden exitus, usually with a con- 
vulsive seizure of some sort, occurred more than once. 

Fat embolism has frequently been reported as a cause of acute cir- 
culatory failure in shock. This condition was not demonstrated in any 
of our autopsied cases. 

These observations on the vascular bed in shock may be summarized 
briefly as follows: 

1. In shock with blood loss there is a tendency to selective vaso- 
constriction, which is compensatory. 

2. This compensation may fail, either gradually or suddenly. The 
patient in shock is in an unstable state, and the smallest additional 
trauma or physical disturbance may have profound and disastrous 
effects. 

3. Elevation of the feet in shock usually raises arterial blood pres- 
sure, and is beneficial clinically. 

4. Drug therapy of shock is not very satisfactory at present but 
certain drug effects may prove to be helpful, for treatment of particu- 
lar conditions of peripheral circulatory failure. 

5. Alcohol causes marked vasodilatation which is clinically unfavor- 
able. 
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Cuart 4. For further explanation see text. 


6. The most effective treatment is replacement of blood volume. 
This will be considered presently. 

Given the type of circulatory failure which I have described, what 
are the consequences of this upon tissue respiration and metabolism? 
Chart 4 shows, for normal subjects, for a combined group of skeletal 
trauma and hemorrhage, and for a group of burn cases, some of these 
measurements. 

The first row gives cardiac output, providing an index of the state 
of the general circulation. 

The second row consists of sets of double columns, the left one 
representing arterial blood, the right venous blood. The upper or black 
segment of each column gives the amount of reduced hemoglobin pres- 
ent, the lower white segment, the amount of oxygenated hemoglobin. 
Thus this set of double columns indicates presence or absence of 
anemia, and level of oxygen saturation in both arterial and venous 
blood. 

The third row presents in graphic form an interesting relationship. 
This was worked out by Lauson, to whom I am indebted not only 
for this but for all the illustrative charts. 

The solid blocks below indicate oxygen consumption in cc. per 
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minute. The height of the unshaded blocks above gives the arterial 
oxygen transport, or total oxygen brought to the tissues by the arterial 
blood. This value is simply the cardiac output multiplied by the oxygen 
content of the arterial blood. 

To take first the cases of skeletal trauma and hemorrhage with 
shock, one finds that the drop in cardiac output together with the 
anemia brought necessarily a very low oxygen in the venous blood, 
thus indicating also anoxia of tissues, one of the primary phenomena of 
the state of shock. The arterial oxygen saturation was, however, normal. 

As shown in the chart, the normal subjects in their tissue oxygen 
consumption used only 25 per cent of the total oxygen conveyed by the 
blood, leaving a reserve of 75 per cent; whereas in the shock cases, 60 
per cent of total available oxygen was consumed. It will be noted that 
the average oxygen consumption in this group was not decreased, as 
compared with the average normal value. The normal subjects were, 
however, under basal conditions, while the cases of injury were not. 
Some of the latter were also quite restless. Oxygen consumption in 
those patients in shock who remained physically at rest was diminished 
below normal values. 

Arterial pH was low, an uncompensated acidosis, associated of 
course with decreased COs. That this was in large part due to increase 
in fixed acids, products of incomplete oxidation, is shown by the high 
values for blood lactate. The degree of acidosis varies greatly, the pH 
ranging from values almost within normal limits, to 7.20 or less. The 
lowest were in two cases of exposure to cold, with pH levels just 
under 7.00. 

Pulmonary ventilation was on the average, increased; it was cor- 
related, though not very closely, with the extent of acidosis. 

In burns, representing forms of shock with hemoconcentration, this 
condition brought significant differences in the state of metabolism. 
Although the cardiac output was low, the amount of oxygen in the 
venous blood was considerably greater than in trauma or hemorrhage, 
and the total oxygen transport was also greater. This suggests that tissuc 
anoxia was less, and this is borne out by a lesser degree of acidosis and 
a smaller blood lactate. 

A special feature, however, of the cases of burns was the frequency 
with which arterial oxygen unsaturation occurred without pneumonia 
or recognizable pulmonary pathology. This has now been found in 
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Taste VII 


SERUM ELECTROLYTES, RANGE OF VALUES IN 4 CASES OF SEVERE 
SHOCK, DUE TO HEMORRHAGE (2), SKELETAL TRAUMA (1), 
GUNSHOT WOUND AND EXPOSURE TO COLD (1) 








Cations Range, Anions Range, 
Milli-Eq. Milli-E-q. 





Sodium . 139.8 to 145.8 Bicarbonate ' 6.0 to 15.0 
Potassium 34 to 55 Chloride we 106.0 to 115.5 
Calcium 4.0 to 4.2 Phosphate (inorg.) . 19 to 5.1 
Magnesium l7 to 34 Albumin 6.5 to 11.4 
-_— Globulin whe 21to 34 

Total base . 150.1 to 158.7 Lactate 2.7 to 14.5 


Total acid...... 141.3 to 151.0 











Arterial pHs range, 7.24 to 7.09. 
Total base minus total acid, 8.0 to 11.8 Milli-Eq. 


twelve of nineteen cases and varied in the range from 81 to 88 per cent. 
Inhalation of hot or irritant gases was probably a factor in most cases, 
though not in all. The condition persisted from 3 to 7 days after injury. 

There were a number of types of injury in the whole series, other 
than the four groups just described. Of these, the chest injuries were 
perhaps the most important. These can be of course most complex and 
it is difficult to make general statements about them. Arterial oxygen 
unsaturation was found in all of our cases. An interesting phenomenon 
was that oxygen unsaturation became more marked after recovery from 
shock, following transfusion, as if there were a tendency to pulmonary 
congestion aggravated by increase in blood volume. 

In a small series of four cases, the electrolytes of the blood plasma 
were measured in the state of shock (Table VII). No significant devia- 
tions from normal were found in the values for total base, potassium, 
sodium, or calcium. Of the anions, bicarbonate was of course decreased, 
chloride somewhat increased, phosphate unchanged, lactate increased. 
Total base was considerably higher than total acid—even with lactate 
included in the latter—from 8 to 11 millimols. Evidently other fixed 
acids were present. 

The question of failure of the heart itself in acute traumatic shock 
has been raised by many investigators in the past. We have not ob- 
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tained any satisfactory evidence on this question, from our observa- 
tions; except that with replacement of blood volume by transfusion, 
the heart responded by increased cardiac output in every instance ex- 
cept one; and in no case did the auricular pressure increase to abnor- 
mally high (congestive) levels. In subsequent days, following recovery 
from acute shock, a number of cases did develop evidence suggestive 
of cardiac insufficiency. The clinical situations here were complex, and 
are beyond the scope of the present discussion. 

There remains to be considered the manner in which the circulation 
is restored following adequate treatmeut of shock, or fails if treatment 
is unsuccessful. 

It has long been recognized that treatment for shock must be begun 
at the earliest possible moment, and all the experience that we have 
had justifies this principle. The severity of injury and the duration of 
shock are the critical factors in prognosis. 

Just what the elements are that cause progressive deterioration as 
shock continues—those which have been called the sustaining factors 
in shock—is not known. Much important experimental work is in prog- 
ress in this field; but it is difficult to make controlled observations in 
clinical cases. We have a few data which may be relevant. 

As deep shock continued in our cases, in the absence of added 
trauma, and apparent absence of further blood loss, there was usually 
not much further change in blood volume. Cardiac output and arterial 
blood pressure tended to fall to lower levels. The state of acidosis in- 
creased steadily and blood lactate also progressively increased. Thus the 
effects of anoxia accumulated. 

As a matter of fact, when examined within the first two or three 
hours after injury, in skeletal trauma or hemorrhage, the arterial pH 
was but little reduced, sometimes within normal limits. Acidosis was 
thus obviously not an early manifestation of shock but developed with 
continuing circulatory failure. 

The response to treatment also depended upon the duration of 
shock. The one case in which the cardiac output did not increase 
appreciably when the blood volume was restored to normal was a 
woman who had had a massive gastrointestinal hemorrhage nineteen 
hours before. In a number of other instances, while the cardiac output 
and arterial pressure improved considerably following transfusion, death 
occurred very shortly from respiratory failure, sometimes preceded by 
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a slight convulsion. 

Although the brain appeared to be the first organ to fail with pro- 
gressive anoxia, there was evidence, on subsequent days, of damage 
to other systems, coming on some time after the acute shock had been 
overcome. Pulmonary edema was a frequent and difficult complication 
during the first week. Whether this was on the basis of pulmonary or 
cardiac damage we have not been able to determine. 

One patient who suffered a traumatic rupture of the jeyunum and 
was in deep shock for many hours, developed an acute renal insufh- 
ciency, with nitrogen retention and minimal urine output of low spe- 
cific gravity. This case, unique in our series, is similar to the crush 
syndrome studied by Bywaters” and others, and recently reproduced 
in animals by Phillips and Van Slyke’* by shutting off the renal circu- 
lation for several hours. 

These clinical examples have been perhaps somewhat unrelated, but 
one cannot emphasize too much the many and disastrous effects of long 
continued shock. 

The basis of the effective treatment of acute shock has been, ever 
since the last war, the replenishment of the actively circulating blood 
volume. The therapeutic agents commonly used are of three types: (1) 
saline or other crystalloid solutions; (2) plasma and the various plasma 
substitutes; and (3) whole blood. 

There has been a tendency recently to dismiss intravenous saline 
infusion as of little value. We have not many observations on this point, 
but measurements in a few cases of shock before and after a large rapid 
intravenous saline infusion of 1500 to 2000 cc. showed that while the 
blood volume, measured from one to three hours after the infusion, 
was increased by only two or three hundred cc., the cardiac output 
was increased considerably, often restored to normal. We have no 
figures on the total duration of this effect. Clinically it did not appear 
to be long sustained. As a temporary measure, intravenous saline if 
given rapidly still holds a definite place in treatment. 

The vast amount of practical experience proving the value of whole 
plasma, dried plasma, and plasma proteins in shock requires no com- 
ment here. In confirmation of much other work, we have found that 
in the absence of further blood or plasma loss, most of the protein 
administered by such transfusions still remained in the circulation at 
the end of six hours, with corresponding increase in plasma volume, 
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Cuarr 5. Patient H.S. Course during treatment and recovery fiom 
shock. Figures above blood volume biocks refer to plasma protein con- 
centrations. In “Venous Pressure” column, triangles refer to peripheral 
venous pressures, dots to auricular pressures. “T40” is blood CO, con- 
tent at 40 mm. CO, pressure. In “O, Capacity” column, left hand 
block in each group refers to arterial blood, right hand block mixed 
venous blood. Cross-hatched blocks at bottom indicate times of albumin 
therapy, solid block whole blood transfusion. 


and recovery from shock. 

It is worth pointing out, however, that when whole blood has been 
lost in large amounts, as in hemorrhage or skeletal trauma, replacement 
by plasma alone will produce an acute anemia and this may actually 
limit the quantity of plasma that can be safely used. A case record will 


illustrate this point: 

H.S., a 48-year-old white female, jumped from a third story window 
and suffered fractures of both os calci, both ankles, pelvis, and trans- 
verse processes of several vertebrae. The patient was conscious but 
depressed, complained of thirst, was pale, perspiring about the head. 
Extremities were cold, lips and ears cyanosed. The first set of measure- 
ments (Chart 5), carried out three and one-half hours after injury, 
are shown on the chart. With a 50 per cent loss of blood volume, 
hematocrit of 32, complete anuria, cardiac output only 1.24 liters per 
square meter of body surface, the state of shock was obviously severe. 
The cross-hatched blocks at the bottom of the chart indicate therapy 
in the form of 5 grams of albumin solution, equivalent to 1000 cc. of 
whole plasma. As seen in the chart, this brought some increase in 
plasma volume, blood pressure and cardiac output. Red cell volume 
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decreased further, probably from further bleeding. Urine flow began 
but was minimal. A second 50 grams of albumin, given between the 
sixth and seventh hours after injury, was followed by a marked dynamic 
response. Though blood volume was still low, and hematocrit down to 
16 there was an increase in cardiac output to or even above normal, 
and corresponding rise in arterial pressure. Pulse rate remained high, 
peripheral resistance diminished. The significant point here is that while 
total blood flow was restored, total oxygen transport to the tissues was 
still much below normal, on account of the severe anemia. 

The patient was improved but still very pale. A 500-cc. whole blood 
transfusion was given before she was transferred to the operating room, 
and her subsequent course was satisfactory. 

The preference for whole blood in treating these types of injury 
has been increasingly emphasized in reports of military casualties in 
this war. Whole blood is needed, and in substantial amounts. The aver- 
age blood volume loss in severe shock in our cases was nearly two 
liters. While there was often a striking temporary response of the 
circulation to a few hundred cc. of blood, sustained recovery required 
at least 1000 cc. to 1500 cc. Failure to respond to this, or recurrence 
of shock after improvement, especially if treatment had been given 
early, usually indicated continued bleeding. 

An example of a case, similar to the preceding, of severe skeletal 
trauma will demonstrate the process of recovery from shock, follow- 
ing whole blood transfusion: 

M.M., (also) a 48-year-old female, (also) jumped from a third 
story window, sustaining fractures of the sacrum, pelvis, transverse 
processes of all lumbar vertebrae, and one rib. When seen three and 
one-half hours after injury she complained of pain and thirst, was 
mentally depressed, pale, with cold extremities. Chart 6 shows the 
measurements made during six hours of observation. At the start, the 
decreased blood volume, low auricular pressure, low arterial and pulse 
pressures, decreased cardiac output and stroke volume, demonstrated 
severe shock. Of the measurements on the right side of the chart, 
particular mention may be made of the low renal plasma flow and 
filtration rate. The arterial pH value, 7.37, was practically normal, 
this being early in shock. Blood lactate was 31 mg. per 100 cc. 

At the times of the two arrows at the bottom of the chart, two 
large doses of adrenal cortical extract were given, without demonstrable 
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Cuart 6. Patient M.M. Course during treatment and recovery from 
shock. For explanation of symbols see Chart 5. 


effect. Restudy at the seventh hour after injury showed the circula- 


tion about the same, Arterial pH had decreased to 7.30, blood lactate 
had increased slightly. 

The solid blocks at the bottom of the chart indicate two transfu- 
sions, 1155 cc. of whole blood in all. The response of all aspects of the 
circulation is striking. Contrasted with the results of therapy in the 
previous case are the high level of venous oxygen, the increased tissue 
oxygen consumption, and the slowing of the pulse rate. It is interesting 
that with recovery of the circulation the arterial pH moved from 7.30 
to the normal value of 7.42. 

Three weeks after injury there was still a moderate anemia, and 
slight decrease of blood volume. 

Table VIII gives a summary of comparative results in shock due to 
skeletal trauma and hemorrhage with the use of saline, plasma (in this 
case albumin solution), and whole blood. The point that I should like 
to make is that with essentially the same amounts of fluid retained in 
the circulating blood, the plasma-treated cases had a larger increase in 
cardiac output than those treated with whole blood, and yet, because 
of anemia, no greater increase in total oxygen transport to the tissues. 

Restoration of blood volume brings the patient out of acute circu- 
latory failure but is not complete treatment in itself. Injured tissue means 
local edema, particularly extensive in burns; and Rosenthal’s recent 
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experiments" indicate a need for increased amounts of sodium salts to 
provide for this necessary temporary increase in extracellular fluid. 
The latter has also been losing fluid into the blood stream to provide 
for hemodilution. The clinical work of Lyons’* points equally strongly 
to the necessity for maintenance of protein intake in injured subjects. 
Fluids, salts, and food should be started by mouth in the post-shock 
state as soon as tolerated. 

The status of oxygen therapy is not yet fully defined although 
there has been much investigation of this subject over many years. It is 
frequently a necessity in chest injuries; and, from our data, might well 
be helpful in many cases of burns. The fact that the arterial oxygen 
saturation is norma! in other types of shock does not rule out a possible 
effect of oxygen therapy, since a small increment of oxygen can be 
carried by arterial blood, especially if high concentrations of oxygen 
are inhaled. Animal studies on this question are somewhat controversial. 
Further investigation in clinical cases should be carried out. 

On the question whether the body should be warmed or cooled 
during shock, it will have been apparent from our results that the 
central circulation is better maintained if the volume of blood in the 
extremities is minimal, and in this sense, as suggested by the work of 
Blalock,"® cool extremities, particularly the avoidance of external heat 
applied to them, should be beneficial. This does not mean that the 
body as a whole should be subjected to cold. It has long been known 
that exposure to cold affects shock most unfavorably; two of our cases 
of most profound shock, for example, both of them fatal, were caused 
by prolonged exposure to cold. 

This presentation has been limited in scope, concerned primarily 
with the mechanism of acute traumatic shock in man, and depending 
largely upon material from one clinical investigation. It has been pos- 
sible to mention only a few of the many excellent recent investigations, 
both experimental and clinical in this field. 

Acute progressive or secondary shock, as seen in clinical cases 
following injury, is a failure of the circulation presenting in its fully 
established state a consistent physiological pattern. The basic dynamic 
feature, failure of return of blood to the heart, with diminished blood 
flow and tissue anoxia, long recognized from experimental evidence, 
can be said to have been proved also in human cases of shock. There 
are a number of ways in which shock can develop, from different types 
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of injury, with the causative factors acting in varying degrees. The 
loss of circulating blood volume and the behavior of the vascular bed 
are both of primary importance. 

Shock must also be considered as the first stage of a profound bodily 
disturbance whose consequences continue and may progress for a long 
time. From the beginning, the management of the case should be 
planned so as to treat not only the acute circulatory failure that exists, 
but also the long period of illness and bodily depletion that may 
follow. 

As to the subject itself there is a very great deal still to be learned: 
the further study of types of shock without trauma or blood loss; the 
possibilities of drug therapy; the question of toxic factors, if present, 
and how to identify and neutralize them; and most of all, the problem 
of passing from the stage of acute shock to that of maintenance, nutri- 
tion and the combatting of anemia and infection. The greatest mistake 
is to suggest, as some have done, that shock is a problem that has been 
solved. 


REFERENCES 


. Cannon, W. B. Traumatic shock. New 10. Cournand, A., Riley, R. L., Bradley, 
York, Appleton, 1923. S. E., Breed, E. S., Noble, R. P., 
2. Gesell, R. Studies on the submaxillary Lauson, H. D., Gregersen, M. I. and 
gland; a comparison of the effects of Richards, D. W. Studies on the circu- 
hemorrhage and of tissue-abuse in rela- lation in clinical shock, Surgery, 1943, 
tion to secondary shock, Am. J. Physiol., 13 :964. 
1918-19, 47 :468. . Gregersen, M. I. and Noble, R. P. To 
Wiggers, C. J. Present status of shock be published. 
problem, Physiol. Rev., 1942, 22:74. 2. Gibson, J. G., 2nd, Aub, J. C. and 

. Johnson, G. S. and Blalock, A. Ex- Evans, R. D. To be published. 
perimental shock, Arch. Surg., 1931, . Stead, E. A., Jr., and Ebert, R. V. 
23 855. Shock syndrome produced by failure 
Moon, V. H. Shock and related capil- of heart, Arch. Int. Med., 1942, 69 :369. 
lary phenomena. New York, Oxford . MeMichael, J. Clinical aspects of shock, 
Univ. Press, 1938. J.A.M.A., 1944, 124:275. 

i. Blalock, A. Experimental shock; cause 5. Bywaters, E. G. L. Crushing injury, 
of low blood pressure produced by Brit. M. J., 1942, 2:643. 
muscle injury. Arch. Surg., 1930, 20 :959. Mohardt, J. Crush and compression in- 
Parsons, E. and Phemister, D. B. juries with uremic death, Surgery, 1942, 
Hemorrhage and “shock” in trauma- 12:151. 
tized limbs., experimental study, Surg., 3. Phillips, R. A. and Van Slyke, D. D. 
Gynec. § Obst., 1930, 51:196. To be published. 

. Forssmann, W. Die Sondierung des . Rosenthal, S. M. Experimental chemo- 
rechten Herzens, Klin. Wehnschr., 1929, therapy of burns and shock, Public 
§ :2085. Health Rep., 1943, 58:513; 1429. 

. Cournand, A. and Ranges, H. A. . Lyons, C. Penicillin therapy of surgi- 
Catheterization of right auricle in man, cal infections, J.4.M.A., 1943, 123:1007. 
Proc. Soc. Exper. Biol. & Med., 1941, . Duncan, G. W. and Blalock, A. Shock 
46 462. produced by crush injury, Arch. Surg., 

1942, 45:183. 





THE BULLETIN 








INTERNATIONAL HEALTH* 


The Hermann M. Biggs Memorial Lecture 


Wizsur A. SAWYER 


Director of the International Health Division, The Rockefeller Foundation 


‘Ir was many years ago, while I was Executive Officer of 
i the California State Board of Health, that I had occa- 
sion to consult Dr. Hermann M. Biggs in his New York 
office regarding the problem of the interstate migration 
ol of the tuberculous. The memory of the substance of 
our talk is now dim, but I brought away a lasting impression of the 
quiet thoughtfulness and sincerity of that pioneer and statesman in 
public health. To give one of the Hermann M. Biggs Memorial Lectures 
is a privilege which is deeply appreciated. That my subject is one which 
was of great interest to him is shown by the program and principles 
which he advocated for the League of Red Cross Societies after the 
first World War. We need desperately similar statesmanship so that 
this second global catastrophe will be followed by an adequate measure 
of health coéperation among nations. 

What will be done on the international level to protect and promote 
health after this war? The opportunities will depend in large part on 
momentous decisions in the political field, and any plan would be on 
the assumption of a period of peace and security. The same problems 
were faced after the last World War when the Health Organisation 
of the League of Nations was created to guide and assist international 
coéperation in health. Its achievements were notable and the setback 
which came with the collapse of the League was through no fault of 
its own. The fundamentals of a future health organization will probably 
be determined by the overall world organization to be brought into 
being by our statesmen. The question may be raised in their delibera- 
tions why health matters should be included among those of prime 
international concern. It may even be suggested that, except for the 
administration of international conventions, the protection of health 
be left exclusively to the individual countries. On what experience and 

















* Read April 6, 1944 at the Stated Meeting of The New York Academy of Medicine. 
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evidence do we base our conviction that an official international health 
organization with a broad field of interest is desirable and even essential 
if man is to enjoy a reasonable measure of physical welfare along with 
the hoped-for enduring peace? 


Earty INTERNATIONAL HEALTH ORGANIZATION 


The oldest and most generally accepted international health runction 
is the regulation of quarantine. When it became realized that plague, 
cholera, and yellow fever could be carried by ships, it was natural that 
frightened countries should take drastic measures to protect themselves 
through quarantine. Ships were detained and merchandise descroyed, 
with every country acting for ivself. Inevitably such individual and 
sometimes capricious and excessive action led to a demand for regula- 
tion through international agreement. Beginning in 1851 a series of 
international conferences was held in Europe and produced understand- 
ings with regard to maritime quarantine, and in 1892 the first “sanitary 
convention” was produced. More meetings followed and in 1go2 there 
were established for the American republics the Pan-American Sanitary 
Conferences. In the hope of achieving world-wide agreement in matters 
of quarantine, the International Public Health Office was authorized at 
a convention in Rome in 1907 and soon afterward was provided with 
headquarters in Paris. It has since then been the principal agency for 
framing international conventions in health, bringing them before the 
interested nations for adoption, and taking care of their administration. 
To act wisely in planning agreements it has been necessary for the 
Office to weigh a wide range of experience and observations at its 
meetings, for the situation is ever changing. Over a decade ago the 
rapid expansion of travel by air brought urgent problems to which the 
rules for maritime quarantine were not applicable. Air routes were being 
planned between the known endemic areas of yellow fever in Africa 
and highly vulnerable countries like India. So the Office after due 
deliberation prepared a Sanitary Convention for Aerial Navigation 
which has helped solve the knotty problem of limiting the spread of 
yellow fever and other diseases by airplane. 

After the first World War the need for an international health 
agency with wider scope was recognized. Administration of quarantine 
measures to prevent the spread of certain pestilential diseases between 
countries was no longer considered sufficient, so in 1923 the Health 





396 THE BULLETIN 








Organisation of the League of Nations came into being in Geneva 
with a greater range of activities. The advantages of the absorption 
of the International Public Health Office by this new agency were 
carefully weighed, but merging the two was impossible, for the assent 
of the governments which had set up the Office could not be obtained. 
The two organizations therefore functioned separately, but with a sys- 
tem of liaison which lessened the disadvantages. Both organizations are 
now almost at a standstil] because of the war, and it should be an oppor- 
tune time, when the general plans for world health organization are 
agin formulated, to consider just how the world health agency had 
best be set up and with what range of activity. The separate function- 
ing of the two agencies—the International Public Health Office, with 
its interest limited to the prevention of the spread of major communi- 
cable diseases, and the Health Organisation of the League—had one 
advantage. It brought out clearly that there were many important new 
functions for an international health organization and that quarantine 
would be only a minor part of the ideal program. 

The organization which I have served for the past quarter century 
is a non-official agency for international public health work, and its 
experiences as a pioneer in this field illustrate several of the points which 
I wish to make. The International Health Commission of The Rocke- 
feller Foundation was established in 1913 and renamed the International 
Health Board in 1916 and the International Health Division in 1927. 
It is a private agency, but its world-wide activities, like those of the 
official international health organizations, are carried on with and 
through governments and at their invitation. Its health work is largely 
on the frontiers of public health knowledge where it explores a few 
selected fields with a large measure of freedom for the purpose of 
helping governmental health departments to become more effective. 
When useful new knowledge and experience in its application have 
been acquired, the Division withdraws, leaving it to the official health 
authorities to follow up the gains. To strengthen the coéperative pro- 
grams and increase their prospect of permanency, the Division trains 
professional staff for the governments through fellowships and fre- 
quently gives travel grants so that officials can compare their own health 
work with that of other countries. These activities and the policies 
followed had their counterpart in the program of the Health Organisa- 
tion of the League of Nations. In fact, in the early years of that agency, 
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The Rockefeller Foundation contributed financially toward items of its 
program, realizing that the new organization and the International 


Health Division had many common objectives. 
QUARANTINE 


Quarantine still plays an important role in international health, 
though a much changed one. Ships are seldom held up for any great 
length of time, and radio pratique enables many vessels to reach their 
docks without noticeable delay. The quarters for passengers at quaran- 
tine stations are largely empty. Immigrants are examined as far as pos- 
sible before they sail. Steps are taken to keep ships rat-free. More 
attention is being given to the control of dangerous disease in the 
exporting countries where it is prevalent, and to making the receiving 
countries as nearly non-infectible as possible. 

Malaria offers an example of an important disease to which the 
ordinary type of quarantine can hardly be applied. Malaria is wide- 
spread in most tropical and subtropical regions and present in the 
United States. We hear it called the “number one disease” in the pres- 
ent war. Infected travelers or soldiers returning to this country after 
visiting malarious regions may apparently be well after an attack but 
may nevertheless come down later with a relapse, infecting local 
anopheline mosquitoes and starting new outbreaks. Quarantine at the 
borders would be of little avail. Reliance must be placed chiefly on 
recognizing the relapses so that prompt treatment will be given and 
on making the community non-infectible by intensifying mosquito con- 
trol where dangerous anophelines are present. 

There is a phase of malaria control, however, which requires the 
vigilance of quarantine officers and also serious international codpera- 
tion. Some anopheline mosquitoes are much more effective in trans- 
mitting malaria than others. Certain islands of the Pacific are free from 
anophelines while others are swarming with dangerous species. The 
transfer of effective anopheline vectors from continent to continent or 
between islands by airplanes must be controlled. This is now being done 
on an increasing scale by spraying planes with efficient insecticides at 
airports and during flight. Needless to say, this requires a high degree 
of international coéperation. 

A recent episode illustrates the need for constant vigilance to pre- 
vent the transfer of dangerous anopheline mosquitoes even between 
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continents. Anopheles gambiae is an extremely efficient transmitter of 
malaria. It is widespread in Africa, but fortunately it has been com- 
pletely absent from the Western Hemisphere except for its recent brief 
sojourn there. In March of 1930 Mr. R. C. Shannon, an entomologist 
of the International Health Division attached to the yellow fever labora- 
tory in Bahia, Brazil, while collecting specimens one Sunday, as biolo- 
gists will do, discovered gambiae larvae in shallow water on the 
outskirts of Natal. Subsequent events indicated that this mosquito must 
have been recently introduced, probably from Dakar by fast ship. In 
the following rainy season there was an outbreak of malaria of un- 
precedented severity in the vicinity of the breeding places discovered, 
showing that the mosquito had already become well established. For a 
few years the mosquito spread rather slowly, but later it occupied large 
valleys to the west, reaching places 300 miles from its starting point. 
Each major advance was accompanied by extreme epidemics of malaria 
with numerous deaths. By 1939 the situation was grave and it was 
realized that the tropics and subtropics of the whole continent were 
threatened. The Government of Brazil and the International Health 
Division decided to coéperate in a determined drive to eradicate 
Anopheles gambiae from South America. Dr. F. L. Soper of the Divi- 
sion’s staff was put in general charge. Adequate funds were made 
available and at the height of the campaign over 4,000 men were em- 
ployed. Fantastic as the undertaking appeared to most malaria authori- 
ties at the beginning, the mosquito was completely eradicated within 
two years, and now, with the control measures stopped, the immediate 
problem is one of quarantine to prevent its reintroduction. The chief 
reliance is on enforcement of the adequate disinsecting of planes com- 
ing to Brazil. With the rapid rise in military and civilian air travel the 
danger of bringing gambiae back has increased and the quarantine mea- 
sures have had to be intensified. On a number of recent occasions gam- 
biae mosquitoes were found on arriving planes and once even on land at 
Natal, showing that maximum precautions are essential. As a further 
safeguard there is urgent need for organizing more adequate gambiae 
control at African airports and in adjoining civilian communities. The 
whole problem of spreading dangerous insects by airplane offers a fine 
opportunity for successful international collaboration now that such 
effective methods are available. 

Extreme precautions must sometimes be taken to prevent infected 
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insects from bringing in the germ of an exotic disease, to be spread by 
insects already present. Such occurrence would be just the reverse of 
what happened in the gambiae episode, in which a foreign insect came 
in, greatly to multiply a local disease. The vector of yellow fever in 
urban epidemics is Aedes aegypti, the “stegomyia” of history. Once 
infected by biting a sick person, the mosquito carries the virus and 
remains infective for life. The danger from the introduction of such 
mosquitoes seems even greater than that from bringing in infected per- 
sons, particularly as travelers and airplane crews visiting endemic areas 
are now usually immunized by vaccination. The necessary international 
coéperation by quarantine services in the case of yellow fever consists 
in the strict observance of the Sanitary Convention for Aerial Naviga- 
tion, the systematic disinsecting of airplanes which have touched in 
endemic areas, and the inspection of passengers from such places with 
surveillance during the incubation period when indicated. International 
coéperation should go further than this. Urban yellow fever should be 
completely eliminated by locally exterminating Aedes aegypti, and 
jungle yellow fever should be limited and kept from reaching cities and 
arteries of travel by systematic vaccination of the populations which 
are critically situated. Mass vaccination for this purpose is now being 
done in certain countries in Africa and South America. The potential 
receiving countries on their part should make their own danger areas 
aegypti-free. It goes without saying that such a diverse and widespread 
system of control, adequate as it seems to be when completely applied, 
requires the supervision of an alert international health organization. 
Otherwise the very successes will lead to a period of overconfidence 
and to relaxation of precautions, and one country will not be aware of 
storms brewing in another. 


CREATION OF NEEDED KNOWLEDGE 


Medical and public health discoveries are as a rule rapidly and 
widely proclaimed through scientific journals in accord with the estab- 
lished tradition that the whole world is entitled to the benefits of such 
information. Independent scientific publication and international profes- 
sional meetings should continue under conditions of maximum freedom. 
Nevertheless, both the production of public health knowledge and its 
distribution can be greatly facilitated and augmented by suitable inter- 
national organization and assistance. 
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It is not infrequently said by those who view the endless parade of 
scientific publications and announcements, that we know almost enough 
and that the urgent need is for organization to apply existing knowl- 
edge. One who goes into the field to do the applying, however, is 
quickly disillusioned. He finds that the unknown is vastly greater than 
the known, and soon his road ends at the chasm of a missing essential 
fact. One such difficulty was faced and overcome, for example, when 
Walter Reed and his associates, spurred on by a pressing need in Cuba, 
determined definitely that yellow fever is transmitted by a mosquito. 
Given this knowledge, sanitarians could immediately transform desper- 
ate and futile efforts of control into most effective ones. 

It is the scientific worker in the field and the official responsible for 
disease prevention who see most clearly what the crucial missing facts 
are. Likewise the health workers in the international field have the best 
view of the needs of the world as a whole. In addition to the funda- 
mental investigations in our well-equipped institutions of teaching and 
research, there must always be field research and related laboratory 
studies focussed sharply on a recognized immediate need. The research, 
though thus directed to a practical end, can nevertheless be kept on the 
highest scientific level if suitably organized and adequately supported. 
Ir will be most fruitful if carried on, with international direction and 
assistance, in the countries offering the best opportunities for the study 
of the diseases in question in their natural environment. Research is 
necessary in the depths of the jungle and in country villages, as well 
as in the laboratories of our large cities. 

The advantages of an international approach to the study of the 
nature and epidemiology of an important disease are illustrated by the 
work of the staff of the International Health Division on yellow fever 
during the past two decades. In 1925 there was very little recognized 
vellow fever in northeastern Brazil, where the Division had been carry- 
ing on control operations. So it was decided to set up another project 
under Dr. Henry Beeuwkes in West Africa, where the disease was 
reported to be present. For two years the results of the studies on 
etiology were distressingly negative, but in 1927 the fundamental dis- 
covery that the rhesus monkey is susceptible to yellow fever and can 
be used satisfactorily as a laboratory animal was made by Stokes, Bauer, 
and Hudson. This made a rapid advance possible without human ex- 
perimentation. Immediately a series of observations was undertaken 
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which removed all doubt as to the nature of the causative virus and 
confirmed the observation of the Reed Commission that it is filterable. 
The investigators established also the principal characteristics of the 
experimental disease and studied its transmission by the mosquito Aedes 
aegy pti. 

The question was raised soon afterward whether the disease in 
Africa was the same as the one in South America and whether the 
African observations were applicable there. Therefore it was decided 
by the Division to open a yellow fever laboratory in New York at the 
Rockefeller Institute for Medical Research, to secure the answer and 
also to take up other related laboratory studies which could best be 
carried on in a fully equipped research laboratory. It was soon shown 
that the viruses from the various regions were the same and that the 
serum from persons who had recovered from yellow fever from 30 to 
78 years earlier in various countries protected monkeys against the 
African virus. The studies proved that the historic yellow fever that 
Reed investigated in Cuba, and the yellow fever that formerly appeared 
as epidemics in the United States, and the present infection in Africa 
and South America are all one. 

In the meanwhile Theiler at the Harvard Department of Tropical 
Medicine had independently discovered that the white mouse was sus- 
ceptible to yellow fever if inoculated in the brain. The Yellow. Fever 
Laboratory of the International Health Division in New York then 
devised a special protection test in mice and used it in conducting a 
world-wide survey of human immunity to yellow fever. By mapping 
the areas in which the blood of the inhabitants protected mice against 
yellow fever it was possible to tell where the disease had been in recent 
years, for the immunity thus revealed appears in man only after an 
attack. Two vast previously unknown endemic areas were discovered 
by these means, one in Central and West Africa and the other in the 
Amazon basin and neighboring areas. 

Two official international organizations facilitated this survey. The 
Permanent Committee of the International Public Health Office had 
sponsored the venture in Africa to the extent of preparing the way 
with the countries involved and formally requesting The Rockefeller 
Foundation to undertake the organization and management of the sur- 
vey. The Health Organisation of the League of Nations called a Con- 
ference in Capetown in 1932 at which yellow fever was the principal 
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subject of discussion, and invited The Rockefeller Foundation to send 
a representative. This resulted in a splendid opportunity for me to meet 
the health officers of south and east Africa and arrange for the collection 
and forwarding of the necessary blood specimens without organizing a 
special expedition. The survey was an unusual example of effective 
team work among the health departments of many countries, two 
international public health organizations, and a private organization in 
the international field. 

After the monkey became available for laboratory work a yellow 
fever laboratory was set up in Bahia, Brazil. The understanding of the 
disease was developed rapidly. One amazing discovery was that yellow 
fever was occurring in the complete absence of the mosquito, Aedes 
aegypti, which had previously been considered the only possible trans- 
mitting agent. Further studies in Brazil and Colombia developed 
evidence that certain mosquitoes and unknown animal hosts were re- 
sponsible for keeping yellow fever virus alive in the great endemic 
area of the interior. In fact, yellow fever virus was actually isolated 
from wild-caught mosquitoes of several species prevalent in the tropical 
forest. The yellow fever situation in Central Africa soon attracted in- 
terest, and fruitful studies were made of the endemic yellow fever 
which had previously been located only by blood tests for immunity. 
This work, carried on from a laboratory base in Uganda, has been 
highly productive, and during the present year (1944) the yellow fever 
laboratory in West Africa, which had been closed for some time, was 
reopened for similar studies. 

Early in this long series of investigations numerous yellow fever 
infections of laboratory workers and several deaths made it imperative 
to concentrate efforts on the search for a method of immunization. An 
effective vaccine was developed in the Laboratories of the International 
Health Division in New York and in its first form it proved its value in 
1931 by abruptly terminating the series of accidental infections. After 
improvement which made its wide use practicable it was applied in all 
the countries in which the Division was participating in yellow fever 
studies or control, and finally it came into widespread general use for 
protecting literally millions of civilians and military personnel in regions 
of possible exposure. 

This condensed story is presented here to show how a serious and 
baffling problem was solved by organizing research in a number of 
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selected countries, with several laboratories in the field and a base 
laboratory in New York, and having the whole set-up under a single 
central administration. The individual scientists could carry their skill 
and experience from area to area or to the base laboratory when it was 
to the advantage of the investigation, and current information could 
be freely exchanged between the individual projects without waiting 
for publication. The same kind of approach to an outstanding problem 
could well be made by an official international health organization 
through advice and assistance to the health experts of many nations. 

The Division’s studies of influenza also had an interesting interna- 
tional phase. The rapid spread of this spectacular disease from country 
to country gives it an essentially international character. The possibility 
that any one laboratory might in a given year have little opportunity 
to observe the disease nearby and collect material for study of the virus 
involved, led the Division to locate its influenza projects in widely 
separated places—New York, Minneapolis, Berkeley, Budapest, and 
Buenos Aires, with staff members in each for at least part of the time. 
In addition financial assistance was given to University projects in Ann 
Arbor and Columbus. Spreading these activities geographically added 
materially to the knowledge of the epidemiology of influenzas A and B. 
The memory of the great pandemic of influenza which happened to 
occur during the last World War, has labeled influenza as an outstand- 
ing international health problem, and it is probable, though not proved, 
that the pandemic disease was at least related to the influenzas that we 
know today. With the isolation of the viruses responsible for the two 
commonest influenzas already achieved, and with some encouragement 
to believe that a method of immunization will soon be developed, we 
can be confident that we shall not again be so helpless in the face of a 
sweeping pandemic. 

Space will only permit mention of one of the several Commissions 
which were set up by the League of Nations to stimulate disease in- 
vestigation and control and particularly to visit places of special interest 
and evaluate the experience of each for the benefit of the health authori- 
ties of all. The Malaria Commission consisted of a body of experts 
drawn from several nations. Study tours of many malarious regions, 
from the Mississippi Valley to the Ukraine, were made by members 
singly or in groups, and reports of great usefulness were made available. 

Malaria and its anopheline vectors vary so in characteristics and 
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behavior that knowledge has to be applied with discrimination and cau- 
tion, and usually after intensive local study. To speed the acquisition of 
needed knowledge of this and other diseases and to demonstrate through 
field trials how it can be applied should be recognized as important 
functions of any international health organization of the future. 


Co6PERATION IN DisEAsE CONTROL 


In time of war the mention of typhus fever makes one shudder, 
and a failure to speak of this companion of misfortune and misery would 
be a glaring omission. With armies taking extreme precautions through 
immunization and delousing, there probably will be no disasters in the 
military forces comparable to what befell Napoleon’s retreating troops, 
but it must be expected that international assistance, and plenty of it, 
will be needed by civilian communities disrupted by war, deprived of 
soap, limited as to water supply, and with health services disorganized. 
Many nations, and the American Red Cross as well, gave assistance in 
fighting the terrible Serbian epidemic of 1915, and the League of Na- 
tions’ Epidemic Commission took a leading part in 1920-21 in marshal- 
ling health agencies for typhus control in Poland. 

It should now be possible to work more effectively than during and 
after the last war, for methods have been improved, and health organi- 
zation has been developed. With the new and highly effective insecti- 
cidal powders, and the simplified methods of application by blowing 
them through the hair and clothing, it will be practicable to set up an 
organization within the local health department which can treat infested 
people in their homes or at convenient health centers and prevent the 
transmission of typhus. The activity could be systematically controlled 
by louse counts and indices so that the local extermination of the insect 
would be expeditiously accomplished and its continued absence insured. 
By such methods typhus has already been stopped abruptly in institu- 
tions and communities. The old methods of clipping the hair and 
steaming the clothes, often ruining cherished articles, can be relegated 
to history along with the resistance they inspired. The newer methods 
were given preliminary trials in Mexico and North Africa by the In- 
ternational Health Division with the coéperation of local health authori- 
ties. The response of the people to this opportunity for relief from lice 
is uniformly favorable, even when the fear of typhus has ceased, and 
sometimes the insistent demands are almost overwhelming. 
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This eagerness to get completely rid of lice is in sharp contradiction 
to cynical prophesies which had been made to us. It had been predicted 
that the people would resist because of a superstition that some degree 
of lousiness was necessary for health. This slander probably has as little 
foundation as the oft-quoted belief of somt of our reactionaries that 
if you gave bathtubs to tenement dwellers they would be used for 
storing coal. In one country the prevailing attitude was well illustrated 
by a grateful woman who returned the day after her clothing had been 
powdered to say that she was fifty years old and that for the first time 
she had slept through the night without awakening to scratch. No 
wonder that the insecticide has even been referred to as a sleeping 
powder or that a boy was caught pilfering it for sale at a high price on 
the black market. 

Dr. F. L. Soper, of the staff of the International Health Division, 
after having successfully directed campaigns for the eradication of 
Anopheles gambiae and Aedes aegypti, is now enthusiastically applying 
extermination techniques to the louse. Some months ago he reported 
from a foreign country that since the necessity for removing clothing 
before administering the powder had been obviated it was possible to 
apply the insecticides in homes, schools, courtyards, and a garage— 
“just wherever it was possible to find two or three lousy ones gathered 
together.” On one Saturday the entire population of a district, accord- 
ing to the local authorities, came to two points on the automobile high- 
way to be powdered. As the result of the continuing investigation and 
experience of the International Health Division, the United States of 
America Typhus Commission, and health officials in various countries, it 
should be possible after the war to take a world view of the typhus situ- 
ation and get rid of the louse-borne disease wherever it has become 
intrenched. Vaccination, which at least diminishes mortality, would be 
an additional weapon in fighting typhus. 

A dying man with weakened heart and swollen legs, a sufferer from 
beriberi contracted by eating over-polished rice, is just as much the 
victim of preventable disease and community neglect as if he were 
succumbing to cholera or typhoid. Now that the causes of nutritional 
deficiencies are becoming better understood and their correction is more 
practicable, the diseases of malnutrition are slowly beginning to take 
their rightful place beside those caused by infection as responsibilities 
of the public health authorities. Field investigations are becoming more 
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practical and productive, and as a result useful knowledge is accumu- 
lating. Nutritional disease requires the same types of investigation— 
clinical, physiological, epidemiological, and laboratory—as do the other 
diseases studied by health departments. After a prevalent nutritional 
deficiency has been investigated and identified by the health authorities, 
the correction of the causes in the community often involves coépera- 
tion with agencies interested in economics and agriculture. The respon- 
sibility for the trouble is frequently shared by other countries and 
international coéperation is therefore necessary. A great impetus to the 
movement to investigate and improve nutrition was given by the League 
of Nations’ Mixed Committee on the Relation of Nutrition to Health, 
Agriculture, and Economic Policy, which brought out its final report 
in 1937. Another important step has just been taken by the United 
Nations Conference on Food and Agriculture, at which the decision 
was reached to set up a permanent international organization in the 
field of food and agriculture. This organization dealing with many 
subjects besides human nutrition should be a source of help and strength 
to the technical groups interested in nutrition in an international health 
organization. 


DIsTRIBUTION OF CURRENT INFORMATION 


Any future official international health organization will, I hope, 
follow the example of the League’s Health Organisation in its excellent 
system of collecting and distributing current health information for the 
benefit of all countries. The Epidemiological Reports appeared quar- 
terly and gave statistical tables showing for many countries the reported 
cases of important diseases and the deaths. To me the most useful in- 
formation was in its summaries giving the accumulated information on 
the epidemiology, distribution, and control of various diseases of special 
interest. These reviews were in English and French and were accom- 
panied by informative maps. This publication has stopped, but reviews 
of specific diseases are still appearing in the Bulletin of the Health Or- 
ganisation, and the Weekly Epidemiological Record is arriving as a 
leaflet. At the height of its activity the League maintained a Far Eastern 
Branch Office which received health reports from eastern countries and 
from ships and broadcast the information by radio. To gather and 
prepare the statistical and epidemiological material, there was in the 
Health Section of the League an effective Service of Epidemiological 
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Intelligence and Public Health Statistics. Through such a system of 
collection and publication all the world could receive prompt notice 
of health events as they happened and could be forewarned of new 
disease hazards. 


FACILITATING PROFESSIONAL EDUCATION IN PuBLIC HEALTH 


International health activities have as their ultimate aim the estab- 
lishment of efficient health administrations in all the countries of the 
world. This end will be approached only when the directing personnel 
in each country consists of full-time trained health officials who have 
had education and experience in their fields and know what is going 
on in the rest of the world. Perhaps the greatest opportunity of an 
international health organization would be to take part in the profes- 
sional education of persons who will be holding important public health 
positions. For every country some of these men should be trained in 
foreign lands or should be given opportunity to travel and compare 
their own methods with those of other officials visited. Younger men 
usually profit from a postgraduate course in a School of Public Health 
and this may require fellowships from an international agency. 

The League of Nations called its activities in this field “iter- 
changes.” Two methods were followed. In one, a public health officer 
or some one appointed to a future public health position was given 
facilities for studying in foreign countries. In the other, “collective in- 
terchanges” were arranged, and groups of medical health officers from 
different countries were taken on a supervised tour of study of health 
problems and methods, sometimes limited to one specialty within the 
public health field. 

The International Health Division spends most of its educational 
funds on fellowships under which promising young persons who are 
already in public health work or are assured of an appointment, are 
given courses in a School of Public Health in the United States or other 
country away from home. Former fellows are now scattered over the 
world, and those in the occupied countries of Europe will be extremely 
useful when the war is over and health departments are being reorgan- 
ized and developed. In traveling about the world one gets the im- 
pression that the men trained under fellowships are the greatest and 
most lasting asset that many countries have received through their co- 
6peration with the International Health Division. The travel grants of 
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the Division are for the more mature officials, who require only an 
opportunity to visit their colleagues in foreign lands to compare meth- 
ods and exchange the results of experiences. The benefit is usually shared 
by the person visited. By-products are an increased interest in inter- 
national coéperation and a valuable acquaintance among persons carry- 
ing similar responsibilities. 


INTERNATIONAL STANDARDIZATION 


Many of us have been irritated during our travels by the lack of 
international agreement on rules of the road, alphabets, and weights 
and measures. Even in the health field the lack of standardization may 
be annoying and even dangerous. We can thank the League of Nations 
for bringing about uniformity in the standardization of curative and 
protective sera, hormones, and other biologics, and even vitamins and 
some drugs. The League’s Permanent Commission on Biological Stan- 
dardization has carried the responsibility for this activity. Standard 
preparations have been sent periodically to many countries for use in 
keeping the local units of strength in agreement with those adopted 
internationally. Before the League was established international com- 
missions were already preparing and revising the International List of 
Causes of Death. Doubtless in other matters it will be found that inter- 
national standardization is necessary to prevent dangerous variation 
among the units and terms in use in different countries. 


SoME FUNDAMENTAL PRINCIPLES 


For a maximum of success there are certain principles which should 
be observed by any international health organization that might be set 
up after the war: 

It should help and advise the technical health officials of the several 
nations and facilitate coéperation among them, but without assuming 
to be a superimposed agency directing their work. 

Full-time service, with salaries consistent with such service, should 
be advocated, and educational assistance should be made conditional on 
such service. 

Enslavement by routine should be avoided. The first aim should 
be to lead in searching out and defining important health needs, antici- 
pating dangerous situations, and devising more effective methods than 
those we now have for protecting and improving health. 
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Dealings should be directly with technical health officials, and the 
activities of the international health organization should be free from 
secondary political ends. In international codperation in the health field 
all effort should be concentrated on the one enemy who has no friends 
—disease. 


Tue Furure 


The world has shrunk greatly since the early days of ship quaran- 
tine. Measured in travel time every region is now close to every other. 
National barriers at frontiers are increasingly futile, whether they be 
military fortifications, high tariffs, or rigid quarantine. In each case 
international coéperation for common benefit is the only possible sub- 
stitute. 

Before making a forecast of anticipated progress in international 
health procedure it might be profitable to summarize its evolution up 
to the present. In the first stage there was only quarantine against a few 
pestilential diseases. In the second, there was more knowledge as to the 
nature of diseases and the manner of their spread, and a growing tend- 
ency for nations to act in concert in controlling the more serious ones, 
like plague, in the ports of origin as well as through quarantine. ‘The 
third and present stage finds conventional quarantine in a minor place. 
The terror and helplessness inspired by many diseases have largely dis- 
appeared. More diseases can be suppressed through immunization, many 
insect vectors are now known and controlled; the influence of social 
and economic factors and nutrition in ill health are becoming better 
understood; and as a result of all this the procedures of prevention are 
becoming more diverse, highly technical, and increasingly efficient. 

At the present moment the war interest has forced greater attention 
to the exotic diseases and has revealed the relative neglect with which 
our medical teaching has treated the maladies peculiar to our neigh- 
bors on this contracting globe. Steps are being taken to correct this. 
Since the first World War an invaluable experience in international 
health relations has been accumulated in many a country and a nucleus 
formed of trained health experts, including a growing body of public 
health nurses. These assets will count in the next advance, but they will 
have to be multiplied. 

The fourth stage is in the future, and we can only speculate about 
it. There will probably be still less reliance on conventional quarantine 
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and more on the control of disease wherever it is discovered. As such 
control will be for universal benefit, we hope that it will be fitted into 
a world plan, formulated internationally, and that expert or financial 
assistance, needed by the national health authorities in any country, will 
somehow be made available by the central organization. It is of world- 
wide importance, for example, that the control of yellow fever should 
be centered in the endemic areas of Africa and South America and sup- 
ported by the combined agency of all the benefiting countries. When 
world strategy requires that an intensive fight must be made in some 
country to keep it from becoming a stepping stone for a disease or 
insect vector, like Anopheles gambiae, toward other lands, then the 
world should be ready to help direct the effort and pay for it. 

Is it too much to hope that the central organization through its 
conferences will direct attention to the universal distribution of mental 
disease, the common cold, and dental caries, evaluating their importance 
and using its influence and support to stimulate the research which will 
have to precede effective prevention? 

Just as we expect the world to organize to prevent war anywhere 
before it gets started, so we look forward to the time when all coun- 
tries will combine to extinguish the sparks of pestilence before the 
flames begin to spread, and to obtain the knowledge necessary for ac- 
tion. This would be far easier than to let diseases rage here and there 
and then try to stop them at a thousand boundaries. 

We can hope and expect that the rehabilitation function of the 
United Nations Relief and Rehabilitation Administration in the field 
of health will be so exercised as to encourage the rapid recovery or re- 
establishment of self-reliant national health departments and to demon- 
strate the advantages of international coéperation. Then should follow 
the golden opportunities that will come with peace. We envisage a 
world with many active national health departments, each of which 
meets its responsibilities to its own country, enters into organized co- 
6peration swith the other nations, and plots an unending war against 
disease under the generalship of a strategy board for the world. 
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* * * 
Effect of Liver Disease on Vitantin A Absorption 


Davin ADLERSBERG and Harry Sosotrka, Ph.D. 


The Mount Sinai Hospital 


The liver has an important function in The response to the oral administration of 
the metabolism of Vitamin A. It converts a test dose of Vitamin A (Vitamin A Toler- 
the provitamin carotene into the vitamin ance Test) was studied in 50 cases of liver 
and is the chief depot of the latter. Marked  dlisease and many controls. In partial biliary 
changes of Vitamin A metabolism are found obstruction (stone, neoplasm) and in com- 
in liver disease. pensated cirrhosis the response is usually 

In normal individuals the “fasting” Vita- normal. In acute hepatitis, cirrhosis with 
min A blood level remains constant with superimposed hepatitis, and in prolonged 
normal nutrition. In acute hepatitis, cir- biliary obstruction, the postprandial eleva- 
rhosis of liver and other forms of liver tion of Vitamin A in the blood is reduced 
damage, e.g., in mechanical obstruction with or completely absent. The character of the 
superimposed parenchymal damage, the curves varies with the nature of the hepatic 
blood Vitamin A figures are low and return disease, the stage of the disease, and the 
gradually to the normal level in the recov- extent of hepatic damage. Evidence is ac- 
ery phase. There exists, however, no strict cumulating that the flat curves in liver dis- 
parallel between the extent of hepatic dam- ease are caused by impaired intestinal ab- 
age, as evaluated by the various liver func- sorption and perhaps by depletion of Vita- 
tion tests (blood cholesterol, esterified cho- min A reserves in the liver. In the recovery 
lesterol, galactose tolerance, cephalin floccu- stage normal or even abnormally high curves 
lation, prothrombine time, icterus index, are observed, suggesting satisfactory intes- 
etc.) and the lowering of the Vitamin A _ tinal absorption but insufficient deposition 
level. in the liver. 


* * * 


A Qualitative Change in Serum Albumin in Parenchymal Liver Disease 


Davin B. Moore, Paut S. Prerson, Dan H. Moore, and 


FRANKLIN M. HANGER 


Department of Medicine, Columbia University College of Physicians and Surgeons, 
and Presbyterian Hospital 


Kabat et al., in 1943, reported studies on _ fractions of normal and pathological sera as 
the reaction of cephalin-cholesterol emulsions obtained by electrophoretic separation and 
and colloidal gold suspensions with various showed (1) gamma globulin from normal 
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and pathological sera (parenchymal liver 
disease) causes comparable flocculations, 
whereas no other protein component of the 
serum gives the flocculation reaction and 
(2) normal inhibits the colloidal 
gold reaction with gamma globulin but not 
the cephalin flocculation. The purpose of 
this paper is to report further investigation 
protein 


albumin 


of electrophoretically separated 
fractions from the sera of normal persons 
and of sera from patients with parenchymal 
liver disease, over a wider range of concen- 
trations than those used by Kabat and his 
collaborators. 

The investigation using 


was conducted 


the sera from 2 patients (catarrhal jaundice 
and arsphenamin hepatitis) and 1 normal 


subject. The cephalin flocculation was done 
as described by Hanger varying 
amounts of protein components. Separation 
of the protein fractions was carried out in 
the 'Tiselius apparatus and the concentration 
of each fraction determined by measuring 
its refractivity in a previously calibrated 
Zeiss interferometer. 

The procedure followed was: 

1. Knowing that an excess of normal 
serum inhibits flocculation of abnormal se- 
rum, the range at which complete inhibi- 


using 


tion occurs was established. 

2. The concentration of the various pro- 
tein fractions within the effective inhibiting 
range was determined. 

3. We were then able to duplicate the 
conditions of inhibition using amounts of 
either normal albumin or abnormal albumin 
comparable to the albumin in the inhibiting 
serum, against amounts of gamma globulin 


comparable to the gamma globulin in the 
flocculating serum. 

It was found that normal albumin inhibits 
completely the flocculation of gamma globu- 
lin in the proportions used, whereas identi- 
cal amounts of albumin from cases of 
parenchymatous liver disease showed little 
if any inhibiting properties. Table II. 

The albumin from all sources showed no 
flocculating properties. We have further 
confirmed the findings of Kabat et al that 
the gamma globulin in health and _ liver 
disease shows identical flocculating capaci- 
ties. Table I. 

The evidence presented points to qualita- 
tive changes in the albumin fraction in par- 
enchymatous liver disease in that the 
inhibiting properties of normal albumin are 
not observed in this abnormal albumin. It 
is significant that crystallized normal 
human serum albumin fails to inhibit the 
flocculation of gamma globulin. The nature 
of these changes is now under investigation. 


Tante I—Errects or Variovs Serum 
CoMPoONENTS ON THE CEPHALIN FLoc- 


CULATION REACTION 








Hepatitis 
Patient 


Normal 
Patient 





Whole serum .. 0 ++++ 


WSerum albumin 0 0 


Serum gamma 


globulin +++ + 








Taste I11—Tue Inumirinc Powers or Atpumin From Normat SERUM AND 
Hepatitis Serum 1N THE FroccvuLaTiIon oF GAMMA GLOBULIN 








Gamma globulin in diminishing amounts 





0.08 0.06 0.04 





No serum albumin 
added 


Albumin from normal 


serum added 


Albumin from hepatitis 
serum added 


++ 
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Nocturnal Secretion Studies in Noruzls and in Patients with 
Peptic Ulcer* 


ALBERT CorNELL, ASHER WINKELSTEIN and FRANKLIN HoLLANDER 


In 1928, Chalfen' showed that nocturnal 
secretion in normal persons was lacking in 
free hydrochloric acid, or, if present, was 
only minimal in amount. Winkelstein? con- 
firmed these findings and also found a 
marked increase in the quantity and con- 
centration of free hydrochloric acid in pa- 
tients with peptic ulcer, especially those 
with ulcer. In 1932 and 1933 
Henning and Norpoth’ confirmed these latter 
observations, as did Val Dez* in 1942. Re- 
cently, however, his co- 
workers reported that both normal subjects 
and patients with duodenal ulcer secreted 
acid gastric juice although a greater quantify 
of juice was aspirated from the patients 
with ulcer. Because of such opposing views, 
chiefly with reference to the findings in nor- 
mals, further studies have been carried out 
at The Mount Sinai Hospital since 1938. 
The purpose of this communication is to 


duodenal 


Sandweiss® and 


present these studies. 
The normal subjects consisted of 9 males 
without any history of gastrointestinal dis- 


*From the Gastro-Enterology Research og | 


and the Services of Drs. George Baehr, — q 
Oppenheimer and Ralph Colp, Mount Sinai Hos- 
pital. 


turbances admitted to the hospital for a 
herniorrhaphy or similar procedure. The old- 
er age group was eliminated so as not to 
introduce possible achlorhydria due to age 
alone. The patients with peptic ulcer were 
those with uncomplicated duoaenal ulcer, 
proven by x-ray or operation. In this group 
there were 16 test meals carried out on 14 
patients. 

From our studies, we conclude that pa- 
tients with uncomplicated duodenal ulcer 
reveal a large amount of highly acid secre- 
tion during the night. Normal subjects 
showed little or no free hydrochloric acid 
and specimens were difficult to obtain in 
most instances because of the small amount 
of night secretion. 
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Cold Hemagglutination and Cold Hemolysis 


Dante Stats 
The Mount Sinai Hospital 


The association of cold agglutination of 
erythrocytes with some cases of non-syphi- 
litic paroxysmal cold hemoglobinuria and 
hemolytic anemia has been known for years. 
However, the mechanism by which cold 
hemagg!»*'nation leads to hemolysis had not 
been elucidated previously. 

The studies show that the hemolysis which 
is dependent upon cold hemagglutination is 
due jointly to a high titer (over 1/3000) 
of cold hemagglutinins, a high concentra- 
tion of erythrocytes in the reacting mixture 
and mechanical trauma brought about by 
shaking or tapping. There is a direct linear 
relationship between the cold hemagglutinin 
titer and the cold hemolysin titer. Comple- 


ment action is not necessary for hemolysis. 
The slightest amount of agitation of strongly 
agglutinated blood is followed by hemolysis. 

Using an apparatus consisting of a 3-foot 
length of capillary glass tubing immersed in 
ice water, it is shown that the mechanical 
trauma due to the injection through this 
tube of blood containing potent cold hemag- 
glutinin is enough to cause intense hemoly- 
sis. Numerous controls of this test have been 
carried out successfully. 

The immersion in cold water of an ex- 
tremity of a patient whose blood contains 
potent cold hemagglutinins causes intravas- 
cular hemolysis. 
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Antibody Production After Antigenic Pneumococcic Polysaccharides 
in Man and in Animals 


Relationship Between Nutritional Deficiencies, Contributory Diseases 
and Resistance to Infection 


PauL KAUFMAN 


Goldwater Memorial Hospital 


To test the antigenic properties of the 
polysaccharide used in this work’ a group 
of mice were injected in the peritoneum 
with ¥% cc. of 1:1,000,000 solution and 8 
days later dilutions of pneumococcus cul- 
ture were injected in the abdominal cavity. 
Protection was found in 50 per cent of the 
mice against 1-5,000,000 lethal doses. Since 
in the mouse-protection tests the animals 
die of bacteriemia before pneumonia devel- 
ops, in another set of experiments the ques- 
tion was examined whether the antigen gives 
protection against experimental pneumonia. 
Method used was similar to the one of Still- 
man and Branch: animals were exposed to 
infection in a closed box sprayed with 10 
ce. of virulent pneumococcus solution; pneu- 
monia developed only in 2 per cent of the 
animals. If, however, they were previously 
intoxicated with intraperitoneal alcohol in- 
jection or with ether inhalation, 20-50 per 
cent developed pneumonia, Of the animals 
who received 1%, cc. of 1:1,000,000 dilutions 
of antigen and similarly treated, all except 
5 per cent remained healthy. 

In the five years 1937-1942 an experiment 
in which 9,070 individuals were involved was 
done. Half of them were injected with the 
antigen and the other half were kept as 
controls. In the first two years every 20th 
person was bled before and 14 days after 
the antigen and the protective antibodies of 
0.10 ec. of the sera titrated in mice. 

Results: a) Sixty-five per cent of the im- 
munized showed a hundredfold increase of 
protective bodies; b) in five years the in- 
cidence of pneumonia was less than one-half 
among the immunized as compared to the 
controls (16.5 per cent against 38.6 per 
cent); ¢c) the mortality rate was about 
one-third among the immunized of that of 
the control group. Since, however, our fig- 





ures indicate great fluctuation in the number 
of pneumonias from one year to the other, 
we believe that this type of experiment per- 
mits definite conclusions only if conducted 
for about 6 to 10 years. 

Theie were indications in our work that 
those who were not able to manufacture 
antibodies were more prone to pneumonia 
infection than the ones who were able to 
do so. It also seemed that the percentage 
of negative reactors was considerably higher 
in the group investigated than in the gen- 
eral population. The next step was to exam- 
ine the possible causes of this and of the 
high incidence of pneumonia in institution- 
alized individuals and among the aged. A 
survey of nutritional deficiencies was made 
by study of hospital charts, diets, medical, 
laboratory and biomicroscopic examinations 
in both negative and positive reactors. Also 
a survey was made of the inter-relationship 
between deficiency states and certain con- 
ditioning diseases. Results: a) 93 per cent 
of the investigated old individuals showed 
one or more signs of nutritional deficiencies; 
b) somewhat higher was the prevalence of 
deficiency states among the negative than 
positive reactors; c) the relationship be- 
tween vitamin deficiency states and certain 
conditions (liver damage, nephrosis, long- 
standing decompensated heart failure, ane- 
mias, achlorhydria, general malnutrition) 
was suggestive of a reciprocal action, i. e., 
the diseases are contributory factors in the 
development of deficiency states and the 
deficiencies produce or aggravate these dis- 
eases. Other than nutritional causes of high 
incidence of pneumonia in the group investi- 
gated were also examined and found prob- 
ably to be: crowding, presence of carriers, 
diminished cough reflex, frequency of con- 
ditioning diseases and general decline of 
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the defense mechanism in the aged. At this 
phase we also investigated the problem 
whether optimal diet and optimal doses of 
vitamins increase the ability of the negative 
reactors to antibodies in a 
higher degree than before. The individuals 
were “vitaminized” for 4 weeks, bled, then 
pneumococcus polysaccharide was injected 
and 2 weeks later they were bled again. 
Both batches of sera were titrated for their 


manufacture 


mouse protective contents against dilutions 


* 


* 


of pneumococci. Results: a) there was im- 
prevement in a great number of the de- 
ficiency signs; b) the protective titer in- 
creased only in 3 out of 58, which statistic- 
ally is not significant. 
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The Treatment of Filariasis (Wuchereria Bancrofti) with Anthiomaline 


H. W. Brown 


DeLamar Institute of Public Health, College of Physicians and Surgeons, Columbia University 


Recent military medical reports indicate 
that men in the theaters of war are exposed 
to filaria infections and a number of them 
have become infected. ‘The therapy of fila- 
riasis has been unsatisfactory but recent 
therapeutic trials of anthiomaline, an anti- 
mony compound, in human filarial infections 
indicate that this drug may be effective. A 
number of persons exhibiting Wuchereria 


* 


* 


bancrofti microfilaria in their blood were 
treated with intramuscular injections of an- 
thiomaline and their microfilaria counts were 
reduced 85 to 100 per cent. These cases have 
now been followed for six months without 
relapses among the group. The toxicity of 
the drug to man is sufficiently low to war- 
rant its continued trial in the early stage of 
filaria infection. 


* 


Clinical Arrest of Bacterial Endocarditis by Bacteriostatic Agents, 
Particularly Penicillin* 


Warp J. Mac Near, ANNE Bievins and Cuartes A. PotnDEXTER 


From the Department of Bacteriology 


and the Department of Medicine, 


New York Post-Graduate Medical School and Hospital, Columbia University 


In the experimental endocarditis of rab- 
bits, induced by intravenous injection of 
cultures of the viridans 
group, healing and healed lesions of the 
disease have been observed following the 
therapeutic use of anti-infectious agents. 
The early defense against the infection de- 
pends chiefly upon phagocytosis and diges- 
tion of the bacteria by vascular endothelium 
and wandering leukocytes. At the sites of 
more severe injury, as on the heart valves 
where physical stress and pressure aids the 


streptococci of 





infectious agents, there is deposit of fibrin 
in which the bacteria may multiply abund- 
antly. Subsequent limitation and_ healing 
of these infected thrombotic deposits is fav- 
ored by (1) bacteriolysis, (2) phagocytosis 
and (3) encapsulation and scar formation. 
Restraint of rapid bacterial multiplication 
is evidently essential to the success of the 
healing processes and hence there is easily 
recognized the therapeutic need of (1) phy- 
siological rest (2) anti-infectious agents in 
the circulating blood and (3) adequate nu- 
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trition for the defending cells. 

Some anti-infectious agents of chemical 
and of biological origin have shown signi- 
ficant effects upon the bacterial cultures in 
vitro and their use in experimentally in- 
fected animals has in some instances been 
followed by observation of healing and 
healed lesions of endocarditis. Applica- 
tion of these observations in therapy of the 
human disease could not be delayed. One 
example of apparent arrest in which there 
was a long period of deterioration approach- 
ing the terminal stage followed by a success- 
ful program of treatment, may be briefly 
presented at this time. 

M. F., female, 32, developed endocarditis 
following dental extraction on February 22, 
1943, with mitral murmur, recurrent pete- 
chiae, persistent positive blood cultures, em- 
bolic lesions of brain, retinae and spleen, 
hematuria and extreme emaciation, in spite 
of treatment with sulfadiazine, thiobis- 


mol, neoarsphenamine and multiple small 
transfusions. A very small supply of par- 
tially processed penicillin became avail- 
able on June 23 and this seemed to have a 
slight beneficial effect without halting the 
progressive down-hill course of the disease. 
However, on September 15 the use of more 
adequate amounts of penicillin was followed 
by dramatic clinical improvement. The blood 
culture taken on September 20 remained 
sterile as did all subsequent cultures of the 
blood. Penicillin was continued in doses of 
5,000 units every 2 hours, with some varia- 
tions, until January 7, then reduced to 3,000 
units and on January 10 to 1,000 units. It 
was finally discontinued on January 17. The 
total penicillin expended was approximately 
4,864,000 units. The patient has regained her 
normal weight and appears well except for 
persistent moderate weakness of legs, ankles 
and feet. This does not prevent walking. 


Comrbined Penicillin and Heparin Treatment of 
Subacute Bacterial Endocarditis‘ 


Leo Loewe, Puitie Rosensiatr, Harry J. Greene and 
MortiMer RussELL 


From the Department of Laboratories and the Department of Medicine, Jewish Hospital, Brooklyn 


A conjoint chemotherapeutic and antico- 
agulant attack has been effective in causing 
the disappearance of experimental throm- 
botic endocarditic lesions.2 Results with 
sulfonamides and heparin in human cases 
of subacute bacterial endocarditis have been 
disappointing. When penicillin was substi- 
tuted as the chemotherapeutic agent in the 
combined treatment the results were strik- 
ing and consistent. 

The dosage schedule for both penicillin 
and heparin has been worked out. The 
penicillin was given mostly by continuous 
venoclysis. The heparin was administered 
either by a specially devised subcutaneous 
method* or by venoclysis in combination 


with the penicillin. 

Seven out of eight cases in the initial series 
were successfully treated; that is, the blood 
stream became bacteria free and the patients 
exhibited marked, progressive clinical im- 
provement. In contrast with sulfonamides, 
the treatment has minimal toxicity and is 
well tolerated. Twenty-two additional pati- 
ents have been or are being treated with 
similar promising results. 
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Thiouracil in the Treatment of Postoperative Recurrent Toxic Goiter 


Sipney C. WerNER and Rosert H. E. Extiort, Jr. 


From the Departments of Medicine and Surgery, Columbia University, College of Physicians and 
Surgeons and the Presbyterian Hospital and Vanderbilt Clinic, New York City 


Recurrence of toxic goiter after a sub- 
total thyroidectomy presents a difficult prob- 
lem in therapy. In many instances further 
operation is inadvisable, and radiotherapy 
or iodine may not stop the overactivity of 
the gland. 

The results of thiouracil therapy in a 
series of 13 cases of recurrent hyperthy- 
roidism of this nature, and 2 more cases of 
exophthalmos are reported here. These 
have been successfully treated in the thy- 
roid clinics of the Vanderbilt Clinic and in 
the Presbyterian Hospital, for more than 
4 months at the present time. Toxic symp- 


toms from the drug have been few, but, 
when present, severe enough to warrant 
stopping treatment. A fair amount of vari- 
ability is found in the dosages needed to 
reduce the basal metabolic rate to normal 
and to maintain this lowered level. The 
effect of the drug upon the basal metabolic 
rate, fasting serum cholesterol, symptoms 
and physical signs is to restore these to 
normal, Exophthalmos may progress during 
thiouracil therapy. Caution in the use of 
thiouracil and very careful watch over the 
blood count are necessary in using this 
treatment. 


The Effect of Certain Liver Extracts on the Carbohydrate Metabolism 
( Clinical and Experimental Study ) 


Henry B. Soxar, Brooklyn and JosepH E. Soxat, New Haven Hospital 


The question of the effect of liver extract 
on the carbohydrate metabolism was revived 
when Blotner and Murphy published in 1929 
a paper in which they claimed an insulin 
like action of liver and liver extract on the 
blood sugar in the human, and especially in 
those suffering from diabetes. 

Later investigations carried out by a num- 
ber of workers not only failed to support 
these claims, but on the contrary it became 
evident that a definite rise in the blood 
sugar occurred following the administra- 
tion of certain liver extracts. This was 
noted in man as well as in the experimental 
animal. 

Henry B. Sokal’s experience with the effect 
of liver extract on the carbohydrate metab- 
olism in man goes back to the year of 1932. 
At that time seventeen patients suffering 
from pernicious anemia were treated by him 
with an extract supplied for clinical use by 
the Wilson Laboratories in Chicago. 

He used two extracts, fraction “A” and 


fraction “B.” Both were intended for par- 
enteral use, and supplied in individual 5cc. 
ampules. To test the potency of both frac- 
tions the patients were divided into two 
groups; one group receiving regularly frac- 
tion “A,” while the other was treated with 
the fraction “B” extract. 

After some weeks of treatment, one pati- 
ent, a woman about 60 years old, began to 
complain of a severe and persistent itch in 
the vulva. Examination of the urine showed 
the presence of a reducing substance and 
the blood sugar was 150 mg./100 cc. A 
blood sugar examination made about six 
months previously during the patient’s stay 
in the hospital was recorded at 90 mg., and 
the urine at that time was negative. 

Since the coexistence of pernicious anemia 
and diabetes mellitus was always regarded 
as a very rare occurrence, he assumed that 
the liver extract was in some way respon- 
sible for the appearance of these changes. 
To make sure that this was not a mere 
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coincidence he examined the urines and 
bloed sugars of several other patients who 
were then under the treatment with this ex- 
tract. The results of these examinations 
confirmed his suspicions. All patients treated 
with the fraction “B” of the extract had 
glycosuria and an _ elevated sugar. 
Continuation of the treatment caused a 
gradual rise in the blood sugar, until after 
several months of treatment the blood sugar 
reached the level of 320 mg./100 ce. 

In several patients he had the opportun- 
ity to determine the level of the blood sugar 
just before starting them on this extract. 
After 6-8 injecions with the fraction “B” 
of the liver extract a 50 per cent increase 


blood 


in the blood sugar was the rule. 

His resignation from the clinic postponed 
further work on this problem until 1937, 
when Dr. Long of the Yale Medical School 
was kind enough to extend the facilities of 
his Department for the experimental study 
carried out there by his son, Joseph E. 
Sokal. 

As a preliminary to the experimental 
study six commercial liver preparations were 
examined for their ability to produce gly- 
cosuria and hyperglycemia; no attempt was 
made to find an extract capable of reduc- 
ing the blood sugar. A complete chemical 
study of the extracts was made. In general 
they were water soluble, free of protein 
and contained the equivalent of about 14 
per cent of glucose. Normal mice, guinea- 
pigs, and rats were used in these experi- 
ments. Studies were also carried out on 
adrenalectomized rats, on latent diabetic 
rats and in one frankly diabetic rat. 

Daily determinations of urinary glucose 
over long periods, both during the adminis- 
tration of liver extract and during control 
periods were made in all animals used in 


* 


* 


this study. The effect of liver extract on 
the blood sugar levels was studied during 
the fasting state as well as in the absorpt- 
ive and postabsorptive state. 

In a number of animals studies were 
carried out on the effect of insulin on the 
hyperglycemia produced by the administra- 
tion of the liver extract. Investigations were 
also made on the effect of liver extract on 
the carbohydrate stores in normal animals 
in the fasting and absorptive state. Other 
studies made during these experiments were: 
The effect of liver extract on the nitrogen 
balance and on the respiratory quotients in 
normal and diabetic animals in the fasting 
state and during the absorption of glucose. 
Finally attempts were made to isolate the 
glycogenolytic principle. 

In the course of these investigations it 
was proven conclusively that by injection of 
Wilson’s liver extract fraction “A” and 
“B,” glycosuria and hyperglycemia were 
produced in every instance. A marked de- 
crease in the liver glycogen, and to a lesser 
degree in the muscle glycogen resulted from 
the administration of the extract. On au- 
topsies no deviation from the normal micro- 
scopic appearance was found. 


SuMMARY 


The existence in some liver extracts of a 
substance capable of producing glycogeno- 
lysis, glycosuria, and hyperglycemia in the 
normal rat has been demonstrated. The 
glycogenolytic principle is water soluble, 
heat stable and dialysable through cello- 
phane. It is not a protein. It is less active 
by mouth than parenterally. It is resistant 
to acid, although it loses some activity in 
alkali. A partial purification has been ac- 
complished. 


* 


Experimental Gastric Lesions Produced by Calcium Deficiency 


BENJAMIN N. Bere and Tueopore F. ZucKER 


(Department of Pathology, Columbia College of Physicians and Surgeons) 


Rats fed a calcium deficient diet develop 
lesions in the antrum of the stomach that 
resemble certain forms of gastric ulceration 


in man. The pathological changes in the 
mucosa of the antrum consist of hemorrhagic 
ulcerations in areas of epithelial hyper- 
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plasia that tend to undergo spontaneous of calcium to the diet results in rapid re- 
healing. Recurrent hemorrhage and ne-_ pair of epithelial defects and complete re- 
crosis occur in healing defects. Lesions generation of glands. Scarring does not 
appear after the second or third week of the occur within the time limits covered by 
deficiency but are most numerous after these experiments. Preliminary studies on 
four weeks. When experiments are con- the circulation in the mucosa indicate that 
tinued for eight weeks the ulcerations are calcium deficiency has an effect on the 
larger and more hemorrhagic but do not capillaries. 

penetrate the muscularis mucosae. Addition 


* * * 


The Experimental Production of Recurrent Convulsive Seizures in 
the Monkey 


N. Kopetorr, L. M. Koperorr, S. E. Barrera and B. L. PAacetia 


New York State Psychiatric Institute 


Acute, intermittent, and recurrent con- the motor cortex, failed to induce seizures 
vulsive seizures have been induced in the in animals similarly operated. 
rhesus monkey by the single application of Electric shock was used to elicit contra- 
discs contziaing various chemical and jim- lateral focal reactions and electroencephalo- 
munologi«ally active substances to the cere- graphic records indicated a focus, Luminal 
bral cortex overlying the motor area. The was effective in reducing or preventing seiz- 
recurrent seizures have been either Jack- ures. Histopathologic findings and sero- 
sonian or generalized in type and have been logic studies failed to reveal significant 
elicited in some animals for more than two changes in the brain or serum of reacting 
years to date. Hydrous oxides of aluminum as compared with non-reacting animals. 
invariably produced recurrent seizures. The repeated convulsive seizures which 
Other preparations such as egg-white, ty- have been produced by a single application 
phoid vaccine, etc. were not so uniformly of chemical or immunologic substances to the 
successful. Control preparations of aqua- cerebral cortex offer a means of studying 
phor, alone or in combination with other further the nature of the convulsive state 
proteins, as well as empty discs, applied to and its treatment. 


* * * 


The Electrocardiographic Diagnosis of Right Ventricular Hypertrophy 


EMANUEL GOLDBERGER 


Montefiore and Lincoln Hospitals* 


Study of right ventricular hypertrophy and after an investigation of unipolar elec- 
has heretofore been unsatisfactory because trocardiograms in adults taken from about 
of several reasons, one of which is the fact 30 different areas of the body, we found 
that multiple precordial leads, especially that the unipolar lead taken from the right 
those near the sternum, are not in proper upper abdominal wall is of distinct value 
relation to the main muscle mass of the right in determining right ventricular hypertro- 
ventricle. phy, even of moderate extent.’ 

On the basis of anatomical observations, To understand how this lead is of value, 


* Work done in part under a Fellowship of the Martha G. Hall Foundation. 
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the following explanation is necessary: the 
ventricles may be cup- 
shaped muscle mass. 
tion spreads through the ventricles from 
within, outward. Since the wave of activa- 
tion has a (+) pole in the direction in 
which the wave is spreading, theoretically, 
a lead over the left ventricle should record a 
(+) potential; and a lead over the right 
ventricle should also record a (+) poten- 
tial. This occurs in children where the rela- 
tive sizes of the right and left ventricles are 
In adults, the left ventricle is 


considered as a 
The wave of activa- 


similar. 


much larger than the right, and the right 
upper abdominal lead, instead of being (+) 
is small and iso-electric. However, when 
right ventricular hypertrophy occurs, the 
right upper abdominal Jead becomes (+), 
ever when there is no change in the electri- 
cal axis of the standard leads; and in those 
cases oi right ventricular hypertrophy in 
which the precordial leads have heretofore 
not been characteristic. 
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Ultra Violet as an Auxiliary in Eye Biomicroscopy 


GeorGES KLEEFELD 


Structures of the living eye can be stud- 
ied microscopically thanks to the invention 
of the slit lamp. ‘The fluorescence of the 
eye, exposed to Wood light, retained the 
attencion of men, among them 
Hague, Feldman, and Van Lint. 

In 1927, Duke Elder published the descrip- 
tion of his ultra violet slit lamp, wherein 
the Nitra bulb was replaced by a mercury 
low pressure vapor tube. The optic lenses 
were made of quartz. The light was filtered 
by a sheet of Wood glass. 

In fact, the rays of A 3660, which are 
those provoking fluorescence, are not inter- 
cepted by the optic glass used for making 
lenses. ‘This simplifies the problem con- 
siderably, because the average equipment 
can be used for the routine examination and 
fluorescense as well. 

Since 1927 new improvements have been 
brought to the tubes. My research work 
started in 1939, so that in April 1940 I was 
able to show the fluorescence in the eye 
when exposed to the very powerful light 
of the high pressure mercury vapor arc. It 
is a tube very similar to that I used for the 
The power was in- 

Visible light and 


research 


present research work. 
creased by a reflector. 


short ultra violet were cut off by a Corning 
or a pyrex filter transmitting A 3660. It is 
of great importance to insist upon the fact 
that this light is considered as harmless. For 
myself, I have never suffered from expos- 
ure, nor have the persons examined. 

Equipment: The ultra violet lamp is at- 
tached to a swinging arm, in order to bring 
the former more or less close to the patient's 
eye; his chin rests upon the proper part of 
the unit, which consists besides of a slit 
lamp and a binocular microscope. 

Technique: The eye is always observed 
through the microscope; it is exposed to the 
light of the ultra violet lamp, or to that of 
the slit lamp, or to both together. Some- 
times a red filter is inserted in the slit lamp 
beam when the last kind of examination 
takes place. 

Some observations and results: 

1. The emission of filtered light suffices 
for the examination of the skin, the con- 
junctiva, the cornea, the iris and the an- 
terior part of the lens. It allows the re- 
moval of concretions in the conjunctiva. It 
provokes a pupillomotor reaction. 

2. The Dark Light is emitted after pas- 
sage through a purple filter. This filter 
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reflects upon the skin, the conjunctiva and 
the cornea, so that there is a discoloration 
of the latter. 

3. The reports of previous observers about 
fluorescence of the lens, cornea and con- 
glomerates were confirmed also. 

4. In addition, the keratic precipitates 
are visible in ultra violet. 

5. Pigment deposits laying upon the crys- 
talloid are easily studied in U.V. and be- 
come more visible in combined light with 
addition of a red filter. The same is to be 
said about the posterior synechiae. Further 
observations will prove that the pigment 
located behind the capsule will disappear 
in U.V., e.g., in siderosis of the lens. When 
pigment of the retinal layer of the iris dis- 
appears at the iris border of the pupil, this 
is easily seen in U.V. 

6. Foreign bodies of the cornea become 


* 


obvious upon the fluorescent background of 
the lens, in U.V. 

7. There is a pigmentation of the cornea 
that is not perceivable in routine slit lamp 
examination. Its origin has not yet been 
established. 

Besides, the so-called “Staehli line”. and 
the “Fleischer line” of keratoconus are much 
more extended than can be seen at the 
routine slit lamp examination. 

8. As diagnostic dye stuffs, I studied 
fluorescein, bengal rose, magdala red, mer- 
curochrome and rhodamine. In U.V., rhoda- 
mine draws the limits of the epitheliolysis; 
fluorescein alone adheres to the exulcerated 
places and creeps under the epitheliolysis 
zone; bengal rose does not fluoresce, and 
stains the lesion exactly; a double staining 
with fluorescein is thus very interesting. 


The Treatment of Burn Shock with Sodium Lactate— 
A Year’s Experience at Babies Hospital and Harlem Hospital 


Cuares L. Fox, Jr.,* Vircinia Gopparp, and RatpH YounG 


From the Department of Bacteriology, College of Physicians and Surgeons, 
the Babies Hospital, and Harlem Hospital 


The shock syndrome which follows severe 
burns is accompanied by hemoconcentration 
and diminished plasma volume. Treatment 
with solutions of crystalloids has recently 
been supplanted by the administration of 
plasma and its derivatives. Further study 
shows that the problem is more compli- 
cated, 

Recent experiments suggest that electro- 
lytes deserve reconsideration... ? Accordingly 
sodium lactate has been administered to 
treat shock accompanying severe extensive 
third degree burns at Harlem Hospital and 
Babies Hospital. 

Sodium was given orally as_ isotonic 
(1.75%) sodium lactate solution; 125 cc. per 
kilogram body weight given in the first 24 
hours. This amount was reduced as the 


* The work described in this paper was done under 
a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific 
Research and Development and the Columbia 
University College of Physicians and Surgeons. 


urinary output reached normal. In severe 
burns, the lactate was given by a Levine 
tube; occasionally isotonic sodium chloride 
was given intravenously for a short time to 
combat transient circulatory collapse. Vom- 
iting occurred in some cases; urinary secre- 
tion usually began a few hours after treat- 
ment was instituted and azotemia and al- 
buminuria did not occur. When the urine 
became alkaline on the second day, a mix- 
ture of isotonic solution of sodium lactate 
and sodium chloride was used. 

Laboratory studies showed lowered con- 
centration of sodium in the plasma and a 
reducéd excretion of sodium and chloride in 
the urine despite the large sodium intake 
and copious urinary output. This discrep- 
ancy is explained by experiments with 
radiosodium in mice which showed the pil- 
ing up of sodium in burned and traumatized 
tissues. 

In the two hospitals there were 64 burns, 
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28 of which required skin grafting. There tion in plasma volume can be counteracted. 
were 5 deaths: two occurred within 4 hours The emergency use of sodium lactate in 
in burns involving over 80% of body sur- burn shock seems justified. Further studies 
face, another occurred one week after the are needed to evaluate the possible added 
first skin grafting operation; two occurred _ benefit of small amounts of plasma. 
on the second and fourth days respectively. 

The results in these cases indicate that by REFERENCES 
greatly increasing the volume of interstitial . Rosenthal, S. M. Pub. Health Rep., 1943, 58: 
fluid by administration of isotonic sodium 513 and 1429. 


; . a . Davidson, E. C. Arch. Surg., 1926, 13:262. 
lactate, the circulatory collapse ana reduc- ” Fox, C. L, Jr. J.A.M.A., 1944, 124:207. 


* * * 


Tinnitus Aurium: Observations on Its Nature and Control 


Mites ATKINSON 


Bellevue Hospital and New York University College of Medicine 


The hypothesis on which this investiga- ments have been made by interrupting the 
tion has been based is that tinnitus is the sympathetic pathway (stellate ganglion 
homologue in the auditory apparatus of block, 18 cases) and by the exhibition of 
paresthesia in the apparatus of common sen- vasoconstrictor and vasodilator substances. 
sation. It represents a paresthesia of the The results of these experiments will be 
cochlear nerve, and is evidence of an active described. They would seem to support the 
disease process. thesis. The results of treatment will also 

If this view is correct, tinnitus and its be described in a group of 175 patients ob- 
accompanying deafness should present a _ served over the years 1940-1943. Treatment 
clinical picture comparable with that of was directed toward abolishing the assumed 
peripheral neuropathy and should respond vascular disturbance with a vasodilator sub- 
to the same general principles of treatment stance, nicotinic acid. Results for cases of 
which have been found effective in that con- all types show 15 per cent obtaining com- 
dition. plete relief, 48 per cent definite improve- 

To test this view, some clinical experi- ment, a total of 63 per cent. 


* * * 


Accelerated Postpartum Involution of the Uterus with Vitamin B 
Complex Therapy 


LeonarpD H. Biskinp 
Departments of Obstetrics and Gynecology, Mount Sinai Hospital, Cleveland, Ohio 


Morton S. Biskinp 


Endocrine Laboratory and Clinic, Beth Israel Hospital, New York 


Observations that the liver loses its abil- orrhagia several months postpartum associ- 
ity to inactivate estrogen in vitamin B com- ated with persistent uterine subinvolution 
plex deficiency, and that B complex restores and numerous indications of nutritional de- 
this function,’ were applied clinically to ficiency; the uterus involuted rapidly on 
treatment of syndromes associated wtih ex- B complex therapy. Two other patients 
cess estrogen (menorrhagia, metrorrhagia, with nutritional deficiency had a history 
cystic mastitis, premenstrual tension).* of postpartum uterine subinvolution.? 
Among patients thus treated, one had men- 











JULY 








1944 423 








On the assumption that the latter con- 
dition is related to excess estrogen, owing 
to failure of destruction in the liver, two 
groups of pregnant women—all private pa- 
tients—were studied. One was maintained 
on an average diet; the other received sub- 
stantial supplements of vitamin B complex 
during pregnancy. All the patients were 
examined 6 weeks postpartum for evidence 
of uterine subinvolution. In the control 
group of 107, 6 patients had poor involu- 
tion; in 23 it was fair, in 78 good and in 
none could it be called excellent. In the 
group of 76 that received B complex, none 
had poor involution; in 3 involution was 
fair, in 56 good and in 17 excellent. Thus 


» 


* 


the rate of involution was definitely en- 
hanced in the group receiving B complex. 

Recent reports emphasize the inadequa- 
cies of American diets during pregnancy. 
Peoples subsisting largely on whole grains 
customarily require shorter periods of post- 
partum rest than our own usual minimum 
of ten days. This study provides further 
evidence for the need of a greatly increased 
intake of vitamin B complex during preg- 
nancy and the puerperium. 

REFERENCES 
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The Effect of Vitaurin A Supplements on the Concentration of 
Vitaunn A in the Blood During Pregnancy 


J. M. Lewis, O. Bopansky* and M. C. Littienrecp 
Beth Israel Hospital 


In a previous communication’ we have 
shown that during the last trimester of preg- 
nancy there is a fall in the concentration of 
vitamin A in the blood whereas the carotene 
level The in the 
blood level of vitamin A is probably due to 
an increased demand by the fetus for this 
vitamin during the last 3 months of preg- 


is sustained. decrease 


nancy. - Analysis of the vitamin A content 
of the livers of 24 newborn infants has re- 


vealed considerable quantities of vitamin A. 


The present study was undertaken to as- 
certain whether, by administering vitamin 
A supplements daily to pregnant women, the 
fall in vitamin A could be prevented during 
the last 3 of Forty 
women enrolled in the Maternity Service of 
Beth Israel Hospital were given 10,000 units 
of vitamin A daily and blood levels for the 
vitamin were determined prior to the ad- 
ministration of vitamin A and, again, toward 
the end of pregnancy. 


months pregnancy. 


The results of this study revealed that the 
vitamin A blood level could be prevented, 
in most instances, from falling during the 


* Captain, Medical Corps, Medical Department Re- 
search Laboratory, Edgewood Arsenal, Maryland. 





last trimester by the administration of 10,000 
units of vitamin A daily. In those women 
whose blood levels were low prior to the 
administration of vitamin A the concentra- 
tion of vitamin A in the blood rose follow- 
ing the use of the vitamin supplement. 

The vitamin A blood levels of the umbili- 
cal cords were also obtained in order to de- 
termine whether the administration of vita- 
min A supplements during pregnancy would 
raise the concentration of vitamin A in the 
blood of newborn infants. It was found 
that, Cespite these daily supplements, the 
vitamin A blood levels of the umbilical ves- 
sels were not appreciabiy increased. Fur- 
themore, the administration of very large 
amounts of vitamin A during labor (200,000 
units), brought about no increase in the 
vitamin A blood levels in the umbilical cord 
although the maternal blood values were 
considerably enhanced. ‘These observations 
would indicate that the transmission of vita- 
man A through the placenta is quite lim- 
ited. Similar studies with the use of caro- 
tene are now being carried out. 
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Pedicle Patch-Graft Pyloroplasty 


Lawrence G. BEISLER 
Flower-Fifth Avenue Hospitals 


A plastic operation is described consisting 
of the excision of the anterior wall of the 
pylorus, including the sphincter and adja- 
cent portions of the stomach and duodenum, 
followed by repair of the resultant defect 
with a viable pedicle patch-graft taken 
from the greater curvature of the stomach 
and including all gastric layers. Fifteen dogs 
were operated upon, nine successfully. 

The stomach x-rayed three weeks after 
this operation empties more quickly than 


* 


* 


normal and sphincteric action by the antral 
(pre-pyloric) muscles is indicated. 

The grafts showed satisfactory healing 
with no tendency toward ulceration, atro- 
phy, out-pouching, or stenosis. The identity 
of the layers of the grafts was preserved 
histologically 3 weeks postoperatively. Those 
dogs which survived showed a satisfactory 
postoperative course over various periods of 
observation up to ten months. 


* 


Studies on the Prevention and Treatment of Experimental Renal 
Obstruction from Sulfadiazine* 


Davin LEHR 
From the Department of Pharmacology, New York Medical College, Flower and Fifth Avenue Hospitals 


Therapeutic measures most commonly em- 
ployed and regarded as effective at the bed- 
side in the prevention and treatment of 
renal obstruction caused by sulfadiazine, 
consist in the “forcing of fluids” in combin- 
ation with massive alkalization. This in- 
vestigation represents an attempt to evalu- 
ate the merits of these clinical measures 
under the standard conditions of the animal 
experiment. It contains, in addition, an ap- 
proach to some new therapeutic proced- 
ures, not yet tested clinically, concerning 
the dislodgment of a fully established renal 
block caused by intratubular precipitation 
of sulfadiazine. 

In the Prevention of renal obstruction, 
the following method was employed: Closely 
bred albino rats from our own standard 
colony were used in all experiments. Daily 
stomach tube feedings of fixed amounts of 
water represented the “forcing of fluid.” 
Alkalization was obtained by adding sodium 
bicarbonate to the water. For the purpose 
of comparison, two subgroups received solu- 
tions containing an acidifying instead of an 
alkalizing salt (sodium chloride and am- 


* This investigation has been aided by a grant from 
the Josiah Macy, Jr., Foundation. 


monium chloride). After standard condi- 
tions had been established, sodium sulfadia- 
zine was injected chronically into all rats, 
in amounts which were known to produce 
invariably massive precipitation of sulfa- 
diazine in the renal tubules, provided no 
therapy was employed. Throughout the ex- 
perimental period which varied from 3 
weeks to 9 weeks in individual tests, vol- 
ume, specific gravity, pH and drug con- 
centration of the urine were recorded daily 
and frequent determinations of the sulfa- 
diazine level and nonprotein nitrogen con- 
tent of the blood were also carried out. 
Complete post mortem examinations were 
performed on all animals succumbing during 
the experiment and also on all survivors, 
which were killed by exsanguination. Im- 
portant organs of representative animals 
were studied histologically. 

Chronic sulfadiazine intoxication produces 
in rats the most significant pathologic-ana- 
tomical changes in the kidneys, in the aorta 
and other parts of the arterial tree and 
in the thyroid gland. 

The striking success of alkalization in 
combination with the “forcing of fluids” 
was clearly borne out by the high rate of 
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survival (no death), and the almost com- 
plete absence of significant pathological le- 
sions in the alkali treated animals. The 
forcing of water alone, however, as well 
as the administration of acidifying salt solu- 
tions did not provide adequate protection. 
Animals of these groups succumbing to the 
sulfadiazine intoxication revealed, without 
exception, massive intratubular precipitation 
of sulfadiazine accompanied by severe tubu- 
lar dilatation and degeneration of the kid- 
neys. Apparently related to the renal 
impairment was the aortic damage which 
consisted in a necrosis of the media starting 
in the muscle fibers and followed by swell- 
ing and destruction of the elastic membranes 
and imbibition of the necrotic tissue with 
calcium salts. In many advanced instances 
the aorta assumed a bamboo-stick-like ap- 
pearance, because of the segmental arrange- 
ment of bulging calcified rings, similar to 
the “goose’s trachea” described in the medial 
sclerosis of Moenkeberg. True bony meta- 
plasia developed in some cases of longer 
standing. The thyroid gland showed macro- 
scopically marked increase in size and upon 
histological examination presented a picture 
of seemingly high glandular activity (as 
previously described by MacKenzie and Mac- 
Kenzie and others). 

The investigation proved that in the ani- 
mal experiment intrarenal concrement for- 
mation from sulfadiazine and its serious 
consequences can be prevented by alkaliza- 
tion in conjunction with the “forcing of 
water.” 

In the Treatment of renal obstruction, 
standardized experimental conditions were 
established in the following manner: The 
renal block was produced in albino rats by 
intraperitoneal injection of a single fatal 
dose of sodium sulfadiazine. If left un- 
treated the animals invariably developed 
pronounced and long-lasting renal obstruc- 
tion from intratubular precipitate of sulfa- 
diazine, and 80 per cent succumbed to this 
complication after 2-3 days. Treatment con- 
sisted in stomach tube feedings of fixed 
amounts of water or salt solutions (contain- 
ing either NaHCO, NH,Cl, a mixture of 
these two, or NaCl). The fluids were given 


twice daily, starting with the day of renal 
obstruction and continuing for at least one 
or several more days. 

The most striking result was the excellent 
therapeutic success achieved with solutions 
of sodium chloride and of the mixture of 
NaHCO, and NH,Cl. They made possible 
the complete recovery of all rats from an 
otherwise fatal sulfadiazine intoxication, 
whereas no benefits were derived from the 
“forcing of water” alone. The water-sodium 
bicarbonate combination even shortened the 
time of survival, and ammonium chloride, in 
addition to a further reduction of the life 
span, also increased the mortality to 100 
per cent. Serum pH values obtained from 
bh .rt blood indicated the presence of a 
severe uncompensated acidosis in the am- 
monium chloride group, and the develop- 
ment of an uncompensated alkalosis in the 
bicarbonate treated animals. The pH values 
of the other groups remained within the 
normal range. 

From these findings the remarkable thera- 
peutic effect of a mixture of ammonium 
chloride and sodium bicarbonate, in exactly 
the same concentrations, which when admin- 
istered separately had only toxic effects, 
can now be explained. The combination of 
the alkalizing and acidifying salt in one 
solution will prevent dangerous changes in 
the acid-base balance of the body, which 
are so readily elicited in the presence of 
renal obstruction, and will thus enable the 
increased crystalloid concentration to initiate 
a powerful and life-saving diuresis (salt 
diuresis). This latter contention would also 
explain the therapeutic effect of large doses 
of saline solution despite its drawback of 
being a slightly acidifying agent. 

The procedure employed in the latter in- 
vestigation, represents a simple method for 
accurate comparative experiments on the 
treatment of renal obstruction from sulfa- 
diazine. 

Studies with modifications of composition, 
dosage and route of administration of thera- 
peutic agents and with variations in the 
time of onset, frequency and duration of 
therapy are under way and will be reported, 
at a later date. 
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Psychological Changes in Late Post-Concussion Head Injuries* 
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Department of Neurology, College of Physicians and Surgeons, Columbia University 


This is a partial report on the selection 
and use of tests for evaluating the relative 
eperation of “neurotic,” “diffuse organic” 
anc “normal” mechanisms respectively re- 
sponsible for the production of late post- 
concussional changes in dispositions and 
intellect following head injury. Personality 
and mental changes were chosen as the most 
promising late post-concussional complaints 
for investigation because they have not only 
a high frequency of occurrence but they 
are also capable of being objectively meas- 
ured by psychological and psychophysiologi- 
cal techniques. The experimental procedure 
of empirical selection and careful matching 
of subjects in each of the three “pure” 
cultures or groups was used in preference 
to the more usual random sampling or se- 
lection technique. The method of working 
with “pure” subjects, well matched with 
reference to age, intelligence, sex, etc., pro- 
vides more easily the clearcut differences 
in test responses needed for identifying the 
essential neurotic and organic mechanisms 
operating within the individual. The prac- 
tical clinical use of the characteristic test 
responses thus discovered is to be in intra- 
individual diagnosis and not in merely de- 
termining group differences. The three 
experimental “pure” cultures, all of which 
were matched with reference to the afore- 


* The work described in this abstract represents a 
partial report on research done under a contract 
(Head Injury Project No. OEMcmr.-148) recom- 
mended by the Committee on Medical Research, 
between the Office of Scientific Research and 
Development and Columbia University. This proj- 
ect is directed by Drs. Tracy J. Putnam and 
John G. Lynn. 


mentioned factors, were: 1) normal subjects 
without psychoneurotic reactions or head 
injury of any kind, 2) patients with diffuse 
post-concussional brain damage without 
any psychoneurotic features who have ad- 
justed well in their domestic and work 
responses even though at a lower level, and 
3) patients with clear-cut psychoneurotic 
features without history of head injury. 

These groups were studied with a pre- 
liminary battery of 33 promising psycho- 
logical tests. Six of these were finally 
chosen. Each of these six tests provided 
a measurable positive response pattern 
characterizing each of the 3 groups men- 
tioned above. Slides were presented to show 
the occurrence of test response patterns in 
the individual subjects making up each of 
these “pure” groups. The patterns were so 
characteristic as to differentiate each mem- 
ber of a group from a member of any of 
the other 2 groups. The normal pattern was 
found to apply to subjects of superior in- 
telligence as well as to those within the 
range of the experimental subjects. The 
pattern indicating diffuse brain damage was 
also found to be entirely valid in those 
head-injured subjects who fell above or 
below the limitations of intelligence and 
age as required by the matching criteria. 
In order to exhibit its method of practical 
clinical application the battery was applied 
to the usual types of head-injured cases 
with a mixture of organic and neurotic 
features. They exhibited test patterns from 
which the relative weights of both of these 
features could be estimated. 
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